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Ch 201 PEKKANEN, M.A., A Mass Transfer and Axial Dispersion Model for Washing 
of Porous Beds During Compression. Helsinki 1992, 26 pp. ISBN 951-666-343-5. 


Keywords: Mass transfer, dispersion, compression, washing. 


A mathematical model is developed for bed washing when the bed height is reduced during the 
washing. The bed is assumed to consist of three phases: i) the inert solid phase, ii) the stagnant 
fluid phase, and iii) the flowing fluid phase. Mass transfer between the stagnant and the flowing 
fluid phases and axial dispersion in the flowing fluid phase are accounted for. The resulting 
equations are solved using finite differencing. No experimental verification is presented. 


Ch 202 LAMPINEN, M.J. and VUORISALO, J., Thermodynamic Analysis of Chemical 
and Electrochemical Systems with a Computer Program; BasicTheory with Illustrations. 
Helsinki 1992, 92 pp. ISBN 951-666-344-3. 


Keywords: Chemical thermodynamics, electrochemical cells, computation. 


The aim of our research has been to investigate the equilibrium state of chemical and 
electrochemical systems and cells, half cells, fuel cells, secondary and primary batteries. An 
equilibrium problem, where both the chemical composition of the system and the potentials of 
the electrodes are unknown, is studied. Starting from the basic laws of thermodynamics we 
show that the minimization of the total Gibbs energy, including the contribution of electrostatic 
energy, gives the equilibrium state of the cell, charges and potentials of the electrodes and the 
chemical composition of the system. A simple model for the electrostatic energy is presented, 
which also enables us to calculate the charges of the electrodes in the equilibrium state. A 
discharge equation is introduced, with the aid of which the total electrochemical cells can be 
studied systematically at various discharge degrees. The present method, which is applicable to 
all equilibrium problems of chemical and electrochemical systems, makes no distinction among 
the constituent species, for example the electrons transferred to and from the electrodes are 
treated like any other constituents of the system. On the basis of this theory, which can also be 
used as such for purely theoretical considerations, we have developed a computer program that 
can be used for theoretical and analytical purposes. The basic theory behind the program is 
described in detail, and some representative numerical examples of the use of the program for 
different applications are presented. 


Ch 203 WANG, Q, Studies on Aggregation and Heteroaggregation in Particle Separation 
Systems. Helsinki 1992, 48 pp. ISBN 951-666-345-1. 


Keywords: Aggregation, heterocoagulation, flocculation, stability, particle, mineral, selectivity. 


Aggregation and heteroaggregation were studied in relation to particle separation. Theoretical 
studies were carried out on three aspects: particle interaction potential energy, Brownian 
coagulation and shear coagulation. Experimental studies described are the selective dispersion, 
coagulation and flocculation in an apatite-hematite-phlogopite system. 

An approximate power-law formula was obtained for the relationships between the 
secondary minimum depth and many parameters of the suspension. Theoretical approaches on 
Brownian primary and secondary stability ratios were achieved based on a concept of relative 
kinetic energy. By a concept of particle collision relative rate ratio, it was found that 
heterocollision in many cases is favored over homocollisions. A concept of heterocoagulation 
relative rate ratio was applied to analyze coagulation selectivity between particles of different 
sizes. The results show that the size growth of the less stable particles may increase the 
heterocoagulation rate constant and may cause the loss of coagulation selectivity, especially in 
the case of the secondary coagulation of micrometer and larger particles. The favored 
secondary heterocoagulation could also enhance the probability of heteroflocculation and the 
entrapment of inert particles. 
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Although large differences in stability and dispersibility existed among the single species 
suspensions of the minerals, selective coagulation/dispersion in the mixed suspensions almost 
totally failed. One of the important mechanisms for the loss of selectivity was the 
heterocoagulation of the ultrafines in the polydisperse suspensions. It destabilized the stabler 
species and stabilized the less stable species. All the theoretical and experimental results show 
that the behavior of a mixed suspension can hardly be deduced directly from those of the 
respective single species suspensions. Selective flocculation of an apatite-hematite suspension 
was achieved by the use of sodium oleate as a flocculant of apatite and a dispersant of 
hematite. 


Ch 204 PEKKANEN, M.A., Models and Calculation Methods for Stagewise and Differ- 
ential Contact Mass Transfer Equipment. Helsinki 1992, 31 pp. ISBN 951-666-349-4. 


Keywords: Mass transfer, models, calculation methods, washing. 


This thesis is based on five publications treating modelling of mass transfer with special 
reference to washing. A review of pulp washing models is given. Several ways of classification 
of models are considered and total (black box, macroscopic), bed (grey box, microscopic), 
statistical and dynamic models are reviewed and compared. Substances other than sodium and 
sorption are considered. A simple mass transfer model is used to calculate the efficiency of a 
washer consisting of recirculation and/or one or several washing zones like a rotary drum or a 
diffuser washer. The model comprises two parameters: the number of mass transfer units No, 
and the wash liquor ratio v. A new calculation method for steady-state stagewise and 
continuous contact mass and heat transfer operations is presented. The ideal stage model used 
is a new one and equations obtained are quite simple. For practical calculations the equations 
are presented in matrix form. Equations are derived for various side streams and for piecewise 
linear equilibrium relationship. 

A new coordinate transformation that can be used to obtain constant transformed flow rates 
is presented. The physical requirement is that the mass transfer ratio is constant. The 
transformation can be applied to both continuous contact and stagewise models of mass 
transfer devices using mole and mass fraction and ratio coordinates. A mathematical model is 
developed for bed washing when the bed height is reduced during the washing. The bed is 
assumed to consist of three phases: i) the inert solid phase, ii) the stagnant fluid phase and iii) 
the flowing fluid phase. Mass transfer between the stagnant and the flowing fluid phases and 
axial dispersion in the flowing fluid phase are accounted for. 


Ch 205 JOKILAAKSO, A., Removal of Antimony and Arsenic from Impure Copper 
Concentrates under Simulated Flash Smelting Reaction Shaft Conditions. Helsinki 1992, 
55 pp. ISBN 951-666-358-3. 


Keywords: Copper, smelting, antimony, arsenic, impurities. 


The single-particle laminar-flow technique was used to study flash-oxidation of three different 
copper concentrates in nitrogen-oxygen atmospheres that ranged from N2 to N2+ 50 vol % Oy. 
Gas preheating temperatures were 500-1100°C and the particle-size fractions studied were: 
with tetrahedrite 20-38 tum and 62-74 um; with chalcopyrite 28-38 tm, 38-44 pum, 44-62 um 
and 62-74 jim; and with Equity -38 um and 62-74 um. The effect of the residence time of the 
particles on sulphur, antimony, andarsenic removal was studied in the range 0.1-0.35 s. 
Scanning-electron microscopy combined with energy-dispersive and back-scattered electron 
analysis was used to determine the morphology and mineralogy of the reacted particles. 

Total desulphurization of chalcopyrite and tetrahedrite concentrates was achieved under the 
most oxidizing conditions, while the sulphur removal from tetrahedrite and Equity-concentrate 
was somewhat weaker. The removal of antimony from the Equity-concentrates was found to 
reach a maximum with low oxygen concentrations in the reaction gas at high gas preheating 
temperatures; there was 82 and 85 % of the original antimony left in the samples, respectively. 
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The arsenic removal was found to be connected with the antimony removal and about 80 and 
99% of the original arsenic was removed from tetrahedrite and Equity-concentrates, 


respectively. 


Ch 206 KIRJAVAINEN, V., Study on Entrainment Mechanism in Dispersed Flotation 
Suspensions. Helsinki 1992, 51 pp. ISBN 951-666-363-X. 


Keywords: Flotation, entrainment. 


The entrainment mechanism of hydrophilic particles in flotation is studied in this thesis. 
Previous research is first reviewed. Characteristics of the mechanical recovery of minerals are 
considered and related models are presented. 

The experimental part describes a flotation study. The first experiments were carried out 
using the conventional batch test procedure. A small scale recycled flotation system was used 
to study the entrainment mechanism at steady state. It was shown that the entrainment of 
hydrophilic mineral particles is controlled by the recovery rate of water, slurry viscosity and 
particle mass and shape. On the basis of the experimental work, a probability model was 
developed to describe the relationship between the entrainment factor and the variables in the 
Newtonian region. 


Ch 207 MIETTINEN, J., Mathematical Simulation of Interdendritic Solidification of 
Low-Alloyed and Stainless Steels. Helsinki 1992, 81 pp. ISBN 951-666-367-2 


Keywords: Solidification, low-alloyed steel, stainless steel, microsegregation, phase 
transformation, thermodynamics, diffusion. 


A mathematical model for simulating the interdendritic solidification of low-alloyed and 
stainless steels has been developed based on thermodynamic and diffusion calculations made in 
one volume element located in the mushy zone. In the method, a thermodynamic model 
(Wagner-Lupis-Ellliott model for low-alloyed steels and substitutional solution model for 
stainless steels) was coupled with the solutal material balance equations and Fick’s laws of 
diffusion in order to calculate the thermodynamic equilibrium at the phase interfaces and to 
simulate the solute diffusion in dendrite arms. This treatment permits the determination of 
stable solution phases (ferrite, austenite, liquid) and their fractions and compositions at any 
temperature during solidification. Consequently, it makes possible the prediction of various 
important casting parameters, such as solute microsegregations and critical phase formations 
often related to the cracking susceptibility of the steel. The model also includes a routine for 
predicting the liquid undercooling caused by solute accumulation ahead of the dendrite tips. 
The model has been tested by comparing calculations with numerous solidification 
experiments. In most cases, a reasonable correlation was found between the results. 


Ch 208 PENTTI, I. and KOSKINEN, J., Utilization of Pneumatic Atomization Nozzles in 
the Spray Crystallization of Polyolefin Catalyst Carriers. Helsinki 1993, 41 pp. ISBN 951- 
666-375-3. 


Keywords: Catalyst carrier, spraying, atomizing, nozzle. 


Spray crystallization technology is utilized to obtain the desired properties of the catalyst 
carrier in the polyolefin catalyst preparation process. The morphological properties of the 
catalyst carrier refer to the morphological properties of the final polymer product, which is 
known as the replica effect. This article examines the particle size distribution and Sauter mean 
diameter of the sprayed catalyst carrier, and the Ziegler-Natta catalyst carrier in particular. The 
effect of different pneumatic nozzles, process conditions in atomization, and the physical 
properties of the carrier melt were studied experimentally. A simulation model for the Sauter 
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Mean Diameter (SMD) of the carrier spray was produced. The most important variables in 
catalyst carrier atomization were identified for pneumatic nozzles. Particies less than 50 ym 
diameter are easy to produce by this spraying technology. They are spherical or oval in shape 
and have good flowability properties. 


Ch 209 KOSKINEN, J. and LOUHELAINEN, J., Utilization of Spray Crystallization 
Process in Polyolefins Catalyst Preparation. Helsinki 1993, 69 pp. ISBN 951-666-376-1. 


Keywords: Spray crystallization, catalyst carrier. 


Spray crystallization technology is utilized to obtain the desired properties of the catalyst 
carrier in the polyolefins catalyst preparation process. The morphological properties of the 
catalyst carrier refer to the morphological properties of the final polymer product, which is 
known as the replica effect. 

The paper clarifies the factors affecting the crystallization of the atomized catalyst carrier 
melt. The problem in the spray crystallization of the catalyst carrier melt droplets is the 
agglomeration. The agglomeration tendency arises when the population densities of the 
uncrystallized spray droplets is high. The surfaces of the droplets have to crystallize before 
collision. 

The population densities and the temperatures of the droplets are affected by the flow and 
temperature conditions of the cooling gas in the spray chamber. The crystallization rate 
depends on the metastable zone of the carrier melt composition and the absorption of the 
evaporated solvent back on particle surface. 

The agglomeration conditions in the chamber are critical in some cases related to regions in 
the spray chamber where the population densities of the droplets are relatively high and the 
droplets collide with uncrystallized particles. 


Ch 210 XIAO, Y., Thermodynamic Study on CrO, Containing Slags. Helsinki 1993, 78 
pp. ISBN 951-666-379-6. 


Keywords: Chromium oxides, slags, activity, oxidation state, equilibrium, electromotive force, 
Gibbs-Duhem equation, slag modeling. 


Activities of chromium oxides, CrO and CrO;.; were determined in CaO-SiO2-CrO, based slags 
by the electromotive force method. Equilibrium was achieved between a slag and a Cr- 
saturated Cr-Ag alloy, and the oxidation state of chromium in the slags was evaluated by 
chemical analysis. The standard states of CrO and CrO, were pure liquid and pure solid, 
respectively. The iso-activity contours of CrO and CrO;.s in CaO-SiO2-CrO, slag system were 
obtained at 1600 °C, and the effects of temperature and slag composition on the oxidation state 
of chromium and the activities of chromium oxides in the slags were investigated. When the 
temperature was raised in the range of 1500 - 1600 °C, the divalent chromium fraction in the 
slags increased but the activities of chromium oxides decreased. The effect of slag basicity was 
significant. The higher the slag basicity, the lower the divalent chromium fraction, and the 
higher the activities of chromium oxides. By partially substituting MgO for CaO, the activities 
of CrO and CrO;s decreased, but the oxidation state of chromium in the slag did not change 
noticeably. Increasing the Al,O; content from 0 to 10 mol% resulted in a lower divalent 
chromium fraction and higher activities of chromium oxides at the slag basicity of 1.0 in mole 
ratio. A further increase in the Al,O; content to 20 mol% did not cause obvious change. The 
experimental results in the CaO-SiO2-CrO, quasi-ternary system indicate that the activities of 
both CrO and CrO, 5 have a positive deviation from the ideal solution. 

Based on the Gibbs-Duhem equation, the measured activities of chromium oxides were 
utilized to determine the activities of CaO and SiQ2 in a quaternary CaO-Si02-CrO-CrO;, ; 
system. Iso-acticity diagrams for CaO and SiO. were obtained at 1600 °C in equilibrium with 
metallic chromium. 

Finally, IRSID’s slag model was attempted to describe the thermodynamic properties of 


ACTA POLYTECHNICA SCANDINAVICA 


CHEMICAL TECHNOLOGY AND METALLURGY SERIES ISSN 0781-2698 


chromium containing slags, and a group of model parameters was optimized by applying the 
present experimental data. The calculated results were in agreement with experimentally 
measured values at the low CrO, domain. 


Ch 211 KESKINEN, K., Studies on Computer Aided Modelling, Simulation and 
Optimization in Process Development. Helsinki 1993, 31 pp. ISBN 951-666-381-8. 


Keywords: Process development, modelling, simulation, optimization, fuzzy models. 


This thesis is based on eight publications on computer aided modelling, simulation and 
optimization in process development. 

Modelling, simulation and optimization of whole process plants are discussed. The methods 
by which opponent requirements in the plant are taken into account are reviewed. Similarly the 
subject of process synthesis is covered and its importance in process development emphasized. 
The methods by which process synthesis can be included in optimization problems are 
discussed. 

In the process development phase it is common to create many alternative process schemes 
Thus there is a need for fast evaluation of the investment costs of these alternatives. It is 
desirable to use the same tool, a flowsheeting program, to create the process material and 
energy balances and to carry out the economical evaluation. A comparative study with 
computer code implementations of investment cost estimation methods was done. 

This thesis includes a review article on the use of fuzzy sets and linguistic variables to handle 
data and knowledge of uncertain and/or qualitative nature. The computer program IFTHEN 
for modelling of such systems is described. An application demonstrates this methodology and 
the use of the computer program IFTHEN along with other software on the control and safety 
system of high pressure polyethene production. 

Often one of the important issues in the use of modern computer programs developed for 
plant design is the selection of the most suitable thermodynamic models for the problem in 
hand. This area is discussed on the basis of the classes of the needed properties. 

The modelling of slurry polymerization of propene is discussed. A model for the 
polymerization kinetics was developed. This kinetic model was included in a slurry 
polymerization model of a continuous stirred tank reactor system. This was transferred to a 
module into a general purpose flowsheeting program. The flowsheeting program has 
optimization capabilities which were used in this study to find out the most promising starting 
values for test runs at a full scale plant. The advantages of this kind of modelling, simulation 
and optimization are reviewed. 


Ch 212 HURME, M., Qualitative Reasoning and Optimization of Chemical Engineering 
Processes. Helsinki 1993, 47 pp. ISBN 951-666-389-3. 


Keywords: Qualitative reasoning, chemical engineering, optimization. 


A qualitative model can be developed by two main ways; by abstraction of quantitative 
equations or by using e.g. a flowsheeting program to evaluate derivatives, from which the 
qualitative model is generated by using either direct modeling or linear synthesis. Two different 
modeling shells for qualitative model development are described. An application to a 
qualitative decision support system is represented 

For qualitative model simplification the following methods are proposed: ignoring equations, 
partial modeling and linearization. The number of solutions from a qualitative model can be 
restricted by using a qualitative question or a projection. Spurious solutions can be eliminated 
by noncausal, causal and functional constraints. 

The principle of qualitative optimization is presented. Qualitative optimization is defined as 
an activity striving to improve the value of objective function by the methods of qualitative 
reasoning. Also an extension to qualitative vector optimization is described. 

An approach to flexible semiqualitative reasoning is described which can accept several 
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types of data. Same equations can be used for both quantitative calculations and qualitative 
reasoning. Evaluation rules are used to evaluate the type (accuracy) of data after every 
operation 


Ch 213 LAMPINEN, M.J. and FOMINO, M, Analysis of Different Energy Scales in 
Chemical Thermodynamics and Estimation of Free Energy and Enthalpy Changes for 
Half Cell Reactions. Helsinki 1993, 45 pp. ISBN 951-666-391-5. 


Keywords: Chemical thermodynamics, electrochemical cells, theory. 


A thermodynamic analysis of different energy scales used in physics and in chemical and 
electrochemical thermodynamics is presented. With the aid of balance matrix theory it is shown 
on a general level that the absolute energy scale is not needed in chemical thermodynamics, but 
that the problems can be solved by properly defined technical thermodynamic quantities. A 
comprehensive study of different entropy scales used in chemical thermodynamics is presented 
and a semiabsolute scale is introduced, by which problems involving non-charged and charged 
species can be considered correctly. In this context, the entropy of an electron in a metal and in 
a gas phase is derived. The correlation of the zeros of the energy scales for H2(g), H'(aq) and 
e(vacuum) is derived and compared with the absolute electrode potential presented in the 
literature. An estimation is presented for the Gibbs energy for the half cell reaction H2(g) > 
2H (aq) + 2e(Pt electrode), and its physical significance is discussed. Similarly, other half cell 
reactions are considered, and tables of AG and AH are presented. The physical meaning of AG 
for half cell reactions is illustrated by Poyinting’s vector. An example of the use of half cell 
reaction entropies and free energy changes for a fuel cell is presented. 


Ch 214 HEINO, M.T. and SEPPALA, J.V., on The Effect of Mixing Time and Catalyst 
Addition on the Compatibility of PET/LCP Blends. Helsinki 1993, 25 pp. ISBN 951-666- 
392-3. 


Keywords: Liquid crystalline polymer, LCP, PET, blend, compatibility, mixing time, catalyst, 
transesterification. 


Blends of PET with 30 wt.-% of two thermotropic LCPs were prepared in a mixing chamber. 
Catalyst addition and long mixing times were used to improve the compatibility of the blends 
via transesterification reactions. DSC showed a clear melting point depression for PET and 
SEM some small changes in morphology, and these were attributed to transesterification 
between LCP and PET. The reactions were confirmed by FTIR, which revealed some shifts 
and totally new ester peaks. The level of the storage modulus obtained from DMTA 
measurements showed that moderate mechanical reinforcement for PET was achieved, even 
after extremely long mixing periods at high temperatures. However, the effect of the possible 
transesterification reactions on the resultant blend properties was less than expected perhaps 
because the portion of the material reacting at the interfaces was small relative to the total 
blend. 


Ch 215 LAHTI, M., SEPPALA, J. and AVELA, A., Reaction Calorimetry in Slurry Type 
Chain Polymerizations. Helsinki 1993, 45 pp. iSBN 951-666-397-4. 


Keywords: Calorimetry, reaction calorimetry, heat balance calorimeter, chain polymerization. 


One of the key issues of this study was to use the calorimeter design knowledge gathered from 
suspension polymerization applications when constructing a calorimeter suitable also for 
studying Ziegler-Natta polymerizations. Special features of Ziegler-Natta and styrene 
suspension polymerizations were presented in order to construct a polymerization calorimeter 
which is suitable for the characterization of both polymerizations. The instrumentation of the 
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reaction calorimeter, which is designed for the investigation of two different kinds of 
polymerizations is more complicated than for the calorimeter, which is suitable for only one 
kind of polymerization. The operation and the maintenance suffers somewhat from the 
complicated nature of the calorimeter but the problems can be avoided with a proper design. 
The reaction calorimeter is a very useful tool in the determination of the change of the heat 
transfer properties and the change of the viscosity. It is also a very effective apparatus in the 
determination of the polymerization rate. All these determinations are done during a 
polymerization. The equations and the typical results were presented in this study to show how 
the calorimeter is used in styrene suspension polymerization with the particular stabilation 
system. 


Ch216 PAUKKERI, R., Molecular Structure, Crystallization and Melting Behaviour of 
Fractionated Polypropylenes. Helsinki 1994, 37 pp. ISBN 951-666-402-4. 


Keywords: Isotactic polypropylene, Ziegler-Natta catalysts, fractionation, 13-C NMR tacticity, 
molecular weight, differential scanning calorimetry. 


A detailed microstructural analysis was carried out on nine PPs produced with heterogeneous 
Ziegler-Natta catalysts using different polymerization processes. The goal was to study the 
tacticity distribution in commercial and laboratory polymerized PPs and its influence on 
crystallization and melting behaviour. The microstructure of some laboratory polymerized PPs 
produced with a novel catalyst type having only aluminium alkyl as a cocatalyst was also 
examined. The PPs were fractionated using direct extraction methods. SEC, 13-C NMR and 
FTIR were used for structural analysis. The gas-phase polymerized grades studied were clearly 
mixtures of highly atactic and highly isotactic PP, whereas the bulk-polymerized, as well as the 
laboratory polymerized PPs contained clustered defects in relatively long, mainly isotactic 
chains. The thermal properties of the fractions determined using DSC, were mainly dependent 
on stereoregularity, molecular weight having none, or only a minor influence. The clustered 
chain defects, even when present in small amounts, affected the crystallization and melting 
behaviour of the fractions. 


Ch 217 SHUANG, Xu, Experimental and Modelling Study on Smelting Reduction 
Process. Helsinki 1994, 81 pp. ISBN 951-666-407-5. 


Keywords: Smelting reduction, pellet, thermal conductivity, heating and melting, X-image, 
modeling. 


A mathematical model for a three-stage smelting reduction process was developed based on 
the energy and mass balance. A number of important operation parameters such as, pre- 
reduction degree, metallization ratio, output temperature from pre-reduction and post 
combustion ratio in final reduction were selected as control variables of the process. The study 
pointed out that for the given raw materials and coal, an optimum operating state could be 
reached (the lowEst energy consumption and highest energy conversion ratio) by adjusting 
those control variables. 

The melting procedure of the metallized wustite pellet under Ar atmosphere and without 
liquid slag was examined. Temperature measurement at the center and surface of the pellet as 
well as melting interface monitoring was done during the pellet heating up from 200 °C to 
1550 °C. On the basis of experimental results, a modified unit cell model was built for 
describing the internal structure of a metallized porous pellet and expressing the effective 
thermal conductivity of the pellet. 

Heating and melting of the iron oxide particles or agglomerates in liquid slag or metal 
medium is an important step in the iron bath type smelting reduction process. In this work, the 
heating and melting of the metallized, porous wustite pellets, which were immersed in liquid 
slag, were investigated and the influences of the process conditions, such as metallization ratio, 
pre-heating temperature of the pellet and slag temperature were examined. As well, the internal 
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structure of the pellets after they were immersed in slag was checked by means of an optical 
microscope and EPMA. Inthis work the X-ray image system and digital image analysis 
technique were adopted for monitoring and analyzing the shape variation of the pellet 
immersed in liquid slag and at the same time, the temperature was measured at the pellet 
center. As a result, some important phenomena, solid slag shell forming and melting, slag 
penetration, wustite component dissolution as well as the influence of experimental conditions, 
were quantitatively identified. 

On the basis of the experimental results of heating and melting of the metallized wustite 
pellet immersed in liquid slag, a mathematical model was built to emulate this process. The 
calculation results were in good agreement with the experimental ones. 


Ch 218 OJAMO, H., VAIJA, P. and DOHNAL, M., Intelligent Assistance to the 
Fermentation Operation. Helsinki 1994, 30 pp. ISBN 951-666-410-S5. 


Keywords: Fermentation, contamination, fuzzy methods. 


The creation of two, coupled fuzzy expert bases to check the asepticity in a fermentor and 
select an appropriate downstream process for a contaminated fermentation is described. 
Application is made to a real batch production of #-galactosidase enzyme by Aspergillus mold. 


Ch 219 XIE, Z., Effect of Stress on Martensitic Transformation at Low Temperatures. 
Helsinki 1994, 117 pp. ISBN 951-666-413-X. 


Keywords: Martensitic transformation, stabilization of retained austenite, hydrostatic pressure, 
internal stress, plane stress, microstructure. 


In the present work, the effects of externally applied hydrostatic pressure on the isothermal 
martensitic transformation and the stabilization of retained austenite due to prior martensitic 
transformation are studied. The microstructure of martensite formed under different stress 
states are also of interest in this research. 

It is found that the applied hydrostatic presssure affects the martensitic transformation by 
lowering its starting temperature (M,), and the pressure dependence of isothermal martensitic 
transformation is similar to the temperature dependence of athermal martensitic transformation. 
Calculations based on a homogeneous nucleation model suggest that the austenite phase can be 
stabilized completely at low temperatures by using hydrostatic pressure and that the isothermal 
martensitic transformation under applied hydrostatic pressure shows a pressure-temperature C- 
curve behaviour. 

It is found that, at the same aging conditions, the magnitude of the stabilization of retained 
austenite during a two-step cooling experiment increases with increasing the amount of 
previously formed martensite, and the retained austenite can be stabilized completely when the 
amount of previously formed martensite is large enough. The mechanism of the stabilization of 
retained austenite during the two-step cooling experiment is proposed to be mainly due to the 
inhibition effect of the internal resisting stress which is induced by the prior martensitic 
transformation, while the aging processes are the necessary conditions for the above 
mechanism to operate. By simplifying the internal resisting stress to be a hydrostatic 
compressive stress, and by assuming that it obeys a quadratic relationship with the amount of 
previously formed martensite, the theoretical calculation is found to fit well with the 
experimental results. 

Under applied hydrostatic pressure or the internal stress state induced by prior martensitic 
transformation, no marked change in the morphology and microstructure of martensite is 
observed even though the M, temperature is much lowered. However, under the applied plane 
stress state, both the previously formed thin-plate martensite and the twin bands inside the 
martensite are isothermally widened markedly. 
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Ch 220 HEINO, M., Blends of Thermotropic Main-Chain Liquid Crystalline Polymers 
and Thermoplastics. Helsinki 1994, 49 pp. ISBN 951-666-419-9. 


Keywords: Liquid crystalline polymer, thermoplastics, blend, processing, morphology, 
properties, compatibility. 


The formation and properties of in situ composites based on melt blends of thermotropic main- 
chain liquid crystalline polymers (LCPs) and different thermoplastics were investigated and the 
interrelations of processing, morphology and properties clarified. Of particular interest were 
the conditions for optimal fibrillation of the LCP phases and techniques to enhance the 
interfacial adhesion between the blended polymers. 

In general, LCP acted as a mechanical reinforcement for the matrix polymers and improved 
their dimensional and thermal stability. Owing to its low melt viscosity, LCP reduced the 
viscosity of the thermoplastics and made them easier to process. The strength and stiffness of 
the blends increased with LCP content and in extrusion also with draw ratio. Strain at break 
and impact strength, however, were strongly reduced after LCP addition. The blends were stiff 
in the fiber direction but brittle in the transversal direction, partly due to the anisotropic blend 
morphology but probably mainly to the poor interfacial adhesion between the blend 
components. 

The interfacial adhesion and toughness of injection molded PP/LCP blends was improved 
by adding small amounts of compatibilizer. In PET/LCP blends the interfacial compatibility 
was enhanced through transreactions between the blended polymers brought about by long 
mixing time or addition of esterification catalysts. 

The properties of the blends were closely related to the morphology. Generally, LCP 
formed a composite-like fiber structure in the thermoplastic matrix, with thin oriented LCP 
fibers in the skin region and spherical or ellipsoidal LCP domains in the core (skin/core 
morphology). Formation of the morphology depended on material characteristics of the blend 


components, but also on the blending and processing conditions. Viscosity ratio of the blended 
polymers was found to be crucial in determining the size and shape of the dispersed LCP 
phase, and elongational flow during processing critical in deforming and orienting the LCP 
domains. 

In summary, blending offers a means to exploit the good properties of thermotropic main- 
chain LCPs for tailoring and upgrading many of the properties of thermoplastics 


Ch 221 KUCHAR, L., Prevention of Steel Melt Reoxidation in Tundish. Helsinki 1994, 
85 pp. ISBN 951-666-429-6. 


Keywords: Steel reoxidation, continuous casting tundish 


The aim of the work was to study reoxidation phenomena in the continuous casting tundish by 
computational modelling and to propose improvements in practical performance 
Thermodynamic and kinetic models were used to calculate the reoxidizing effect of air, tundish 
covering powder and refractory materials. Results from industrial experiments were used to fix 
the parameters of the models and to verify the applicability of the calculations. 

The role of different reoxidation processes in the tundish is discussed from the view point 
of eliminating harmful phenomena and improving steel cleanness. The limits of the interaction 
between low carbon steel melt, slag and air were studied by thermodynamic calculations. The 
calculations as well as the experimental results showed the clear oxidizing effect of air in the 
beginning of the casting and during the ladle change, whereas reactions with the covering slag 
were of less importance. 

The kinetic model for reoxidation was applied to study reactions with the refractory 
material in the tundish. It was shown that the reoxidation caused by unstable oxides in the 
refractories mainly occured in connection with the non-stationary conditions in the tundish, 
during the start of casting and ladle change. 

Fluid flow phenomena in a three-dimensional tundish were described and optimized by 
using a commercial fluid flow software. The effect of the viscosity of the steel melt as well as 
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the density of the non-metallic inclusions on separation of particles from the melt into the 
tundish slag phase was studied by mathematical modelling. Thermal flow in the tundish after 
the ladle change period was introduced as well. 

This work is one of the first attempts to examine the reoxidation processes thoroughly 
starting from thermodynamic preconditions and finally, comparing with practical results from a 
steel plant. Suggestions for further'necessary research and development work for improving 
the steel cleanness will be presented: 


‘iteib 
Ch 222 JARVELIN, H., Separation of Propane and Propylene. Helsinki 1994, 164 pp. 
ISBN 951-666-43 1-8. 


Keywords: Adsorption, propane, propylene 


The separation of propylene-propane mixtures is of great commercial importance and is carried 
out by fractional distillation. It is claimed to be the most energy-intensive distillation practised 
in the United States. The purpose of this paper is to describe experimental work that suggests 
a practical alternative to distillation for separating the C3 hydrocarbons: adsorption. The 
research information presented here deals with the initial step of an adsorptive separation 
process and includes both equilibrium and kinetic data. Isotherms are provided for propylene 
and propane adsorbed on three molecular sieve zeolites, two pentasil zeolites, silica gel and 
coconut-based activated carbon. Breakthrough data are provided for both adsorption and 
regeneration steps for activated carbon, silica gel, activated alumina, and the molecular sieves, 
which were found to be superior to the other adsorbents for breakthrough separations. A flow 
diagram for the complete proposed process is included. 

Single step adsorption cannot be utilised in propane/propylene separation. A three step 
adsorption process based on heavy dilution with an inert gas is an interesting option. 
Adsorption can also be combined with other separation methods in order to reduce the high 
energy consumption of distillation. A hybrid process of adsorption and distillation is 
introduced. As a final part a propane/propylene membrane separation is discussed and a novel 
membrane structure is introduced and analysed. 
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Ci 97 HAGGREN, H., On System Development of Photogrammetric Stations for On- 
Line Manufacturing Control. Helsinki 1992, 31 pp. ISBN 951-666-350-8. 


Keywords: Photogrammetry, machine vision, manufacturing control. 


A vision based system for on-line three-dimensional coordinate measuring has been developed. 
The setup, called photogrammetric station, consists of video cameras and a processor unit 
which performs the coordinate transformations from the image coordinates to the object 
coordinates. The pointwise measurements are made for distinct object points which may be 
located automatically or by additional targeting. The basic aspects like accuracy expectations 
when applying photogrammetric stations for manufacturing control are discussed. The thesis 
follows the history of the development process from off-line to on-line use of photogrammetry 
during the last two decades. Finally, it proceeds to a recent example where the photo- 
grammetric stations are used for the control of a robotic seam sealant cell in car manufacturing. 


Ci98 ANTIKAINEN, J., Three Dimensional Distinct Element Modelling of Mining- 
Induced Subsidence at the Footwall of a Steeply Dipping Orebody. Helsinki 1994, 95 pp. 
ISBN 951-666-418-0. 


Keywords: Rock mechanics, mining, distinct element, stability, subsidence. 


The three dimensional distinct element method enables modelling of large sliding and rotational 
displacements as well as the behavior of intact material. As a result of extensive modelling 
work carried out, the practical applicability of a three dimensional distinct element method for 
regional stability analysis is evaluated in this thesis. The superiority of three dimensional 
modelling over two dimensional methods is clearly demonstrated. In some cases the results of 
two dimensional models can be even qualitatively inappropriate. 

The main limitations of the three dimensional distinct element method are: the number of 
blocks in a model is limited, the constitutive models of joints and intact material are simplified 
and numerical stability of the method can be inadequate in the case of excessive stiffness 
contrast. If these limitations are positively addressed in modelling, a representative model can 
be built up. 

The results of the research project "Central Pillar Recovery in the Pyhasalmi Mine, a 3D- 
Stability Analysis” are presented and analyzed. A stepwise modelling approach is utilized in the 
modelling. A large, simplified model provides the boundary conditions for a more detailed 
model. Finally, the rock mechanical consequences of mining the central pillar are estimated 


Ci 99 LASKER, GE. and OKSALA, T. (eds.), Design: Ecology, Aesthetics, Ethics. 
Helsinki 1994, 62 pp. ISBN 951-666-424-S. 


Keywords: Environmental design, architecture, ecological values, environmental aesthetics, 
environmental ethics, sustainable development. 


Selected and edited versions of papers presented at DEcon’93: Design: Ecology, Aesthetics, 
Ethics, held at Baden-Baden, on August 4-5, 1993, are published here. The eight papers cover 
a wide scope of topics on emerging value discussion in environmental design with special focus 
on architecture. Special attention is devoted to sustainable development conceptions in design 
and planning. The ecological standpoint is raised and discussed with its natural origin and 
relation to cultural evolution. Besides value problems in environmental discussion the cognitive 
aspects of the problem are recognized and analyzed to understanding environmental and 
cultural development. 
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El 70 SUNTIO, T., Uncertainty Management in Telecommunications Uninterruptible 
Power Supply Systems and on their Network by Utilizing Human Reasoning 
Methodology. Helsinki 1992, 69 pp. ISBN 951-666-352-4. 


Keywords: Uninterruptible power supply system, uncertainty management, telecommunicat- 
ions, human reasoning. 


The uninterruptible power supply (UPS) systems are used to supply quality power to critical 
systems such as computers, telephone exchanges, etc. The lack of energy in public power lines 
is of concern and has to be rectified. Quality power is, therefore, a flow of energy containing 
controlled amount of uncertainty about its continuity. The reserve energy stored in the UPS 
system carries out the basic reduction of the uncertainty caused by public power lines. The 
physical structure of the UPS system and the people maintaining the power system will 
increase the uncertainty 

The main objectives of uncertainty management are to ensure that there is enough reserve 
energy and to minimize the additional uncertainties. This task can be carried out by optimally 
utilizing both the human beings and machines. The philosophy of the suggested management 
scheme is based on distributed decision making and centralized verification of these decisions. 

The on-site supervision facilities take care of distributed decision making by utilizing human 
reasoning. The alarm messages contain the most probable explanation of the available 
evidence. The network management facilities offer information in a form that supports the 
human way of reasoning and thereby, effectively enables the centralized verification of the 
situation in the power system. The credibility of alarm issuing is of prime concern and it can be 
maintained by utilizing human reasoning. 

Uncertainty management is studied especially in Telecommunications domain, but most of 
the results obtained are applicable to computer domain also. The sources of the uncertainties 
are systematically identified and studied by using reliability techniques and finally a network 
wide solution is suggested. 


El 71 KESKINEN, E., Applicability of Vector Potentials in the Finite Element Solution of 
Three-Dimensional Eddy Current Problems. Helsinki 1992, 99 pp. ISBN 951-666-354-0. 


Keywords: Three-dimensional, eddy current, vector potential, finite element analysis. 


The accuracy and the efficiency of different magnetic and electric vector potential formulations 
in the solution of three-dimensional eddy current problems is investigated. The finite element 
method with nodal finite elements is applied to space discretization. Depending on the 
problem, the time dependence of field variables is modelled either by the time stepping method 
or by the time harmonic approximation. Various methods for modelling the multiply 
connectivity and current or voltage forced conditions are examined. The efficiency of direct 
and iterative solution methods is investigated in the solution of matrix equations. 

The calculation methods are applied to three eddy current problems of different types. Two 
of the problems have been proposed by international Eddy Current Workshops (the Bath Cube 
and the Asymmetrical Conductor with a Hole). The third problem consists of a racetrack 
shaped conductor which is supplied either from a current or from a voltage source. If the 
accuracy of the field solution is considered, the magnetic and electric vector potentials are in 
most cases equally applicable. The electric vector potential results in lower computational 
costs in problems where the magnetic vector potential cannot be used alone but also the 
electric scalar potential must be involved in the conducting regions. If the electric scalar 
potential is not required the magnetic vector potential is usually preferred. In the multiply 
connected problems the hole element cutting method turned out to be most efficient. This 
method can also be used to model the current and voltage forced conditions. In the current 
forced cases it is, however, required that the rate of the time variation is significant enough. If 
this is not the case, then the methods based on the electric scalar potential are more reliable. 
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El 72 ERANEN, S., Studies on the Insulated Gate Bipolar Transistors and the Wide 
Bandgap Semiconductor Power Diodes. Helsinki 1992, 29 pp. ISBN 951-666-357-5. 


Keywords: Power semiconductor devices, IGBT, wide bandgap semiconductors. 


Several properties of the Insulated Gate Bipolar Transistors (IGBT) are studied. Analytical 
models for the dc electrical characteristics of the buffer layer (punch through) vertical IGBT 
and of the lateral IGBT have been developed. The model for the lateral device includes the 
Kirk effect as a new feature. The cell layout structures and cell distance effects have been 
experimentally studied in order to optimize the on-state resistance and the latch-up properties. 
Finally, it is demonstrated, that the additional dopings such as the implanted buried layers 
within the cells an the n-type JFET dopings can significantly improve the electrical properties 
of the junction and Schottky diodes, which are made of the wide bandgap materials SiC and 
diamond, have been studied by the simulations. The high breakdown electric fields of the wide 
bandgap materials are included in the imulations. Especially diamond seems to offer 
considerable improvements for high voltage diodes. The on-state losses increase with the 
increasing bandgap both in the junction and Schottky diodes, but the efficiencies of these mater 
ials are shown to increase with the increasing bandgap. 


El 73 YLA-JAASKI, A.S., Contributions to a 3-D Robot Vision System: Grouping from 
Sparse and Incomplete Data. Helsinki 1993, 103 pp. ISBN 951-666-385-0 


Keywords: Pattern recognition, 3-D robot vision, object recognition, grouping, shape 


This thesis considers intermediate level vision, which is the most underdeveloped domain in 
computer vision. The task of intermediate level vision is to find sets of composed entities, 
which are structured combinations of the simple features in image data. This process is often 
called grouping: generate order from chaos by detecting structures of single physical objects or 
their parts. Structural grouping of information plays a fundamental role for both computer 
vision and human systems. 

New methods for grouping sparse and incomplete data for finding descriptions of shape are 
explored in this thesis. The major issues for developing new methods has been the need to 
achieve computational efficiency and robustness. The main motivation has been to provide 
methods for a model based, 3-D object recognition system. This visual recognition system was 
used for controlling a robot arm, which was capable of manipulating complex, three- 
dimensional, real-world objects close to real time. 

One part of this thesis focuses on adaptive setting of the poll size in Probabilistic Hough 
Transforms from sparse data. It is experimentally demonstrated, that the suggested methods 
for adaptive stopping rules call for polls with average size that is lower than the fixed poll size 
that would lead to the same error rate. Another part of this thesis introduces grouping 
processes for finding axial descriptions of symmetrical shapes from incomplete edge data. It is 
illustrated, that the detected shape descriptions are useful for feature extraction, object 
recognition, shape description, and stereo correspondence. 


El 74 ABERG, M., An Electroluminescent Display Simulation System and its Application 
for Developing Grey Scale Driving Methods. Helsinki 1993, 76 pp. 


Keywords: Electroluminescence, displays, simulation, modeling, grey scale 


A simulation system has been developed for thin film alternative current driven 
electroluminescent displays. The model embraces the whole display unit: the luminating panel, 
the row and column drivers and the pulse generator circuits. An electro-analog model is 
constructed for the luminating element and the luminating matrix panel. Macromodels suitable 
for system simulations have been developed for the drivers and parameters for them have been 
extracted from actual integrated driver circuit processes. The pulse generators have been 
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modeled mainly by utilizing standard circuit simulator component models. The system was 
verified by simulating on-off type displays and comparing the results with measured ones. The 
simulation system was then applied for studying various proposed grey scale driving methods 
for thin film electroluminescent displays. It was found that with present display manufacturing 
parameters most driving methods do not provide more than 16 levels with acceptable accuracy. 
It is concluded that the way to a higher number of levels is either in the reduction of the 
electrode time constants or in developing more sophisticated grey scale driving schemes. A 
new advanced current mode driving schema was developed to overcome the problems of the 
basic methods. In simulations the new schema showed good performance and accuracy for up 
to 64 levels. 


E175 PALOHEIMO, J., Studies of the Electronic Properties of Conjugated Polymers 
Helsinki 1993, 36 pp. ISBN 951-666-395-8. 


Keywords: Conducting polymers, dimerization, field-effect transistors, Langmuir-Blodgett 
films. 


Electronic properties of conjugated polymers were studied theoretically and experimentally. 
The density-functional theory in the local-density approximation and a self-consistent linear- 
combination-of-Gaussian-orbitals method were used to study the ground-state geometry and 
the electronic structure of undoped and doped trans-polyacetylene chains. A dimerized ground 
state of alternating single and double bonds is obtained for the undoped case, although the 
alternation is weaker than indicated by the experiments. The uniform dimerization is quenched 
at a doping level of about 3-4 % per CH unit, suggesting an undimerized metallic state at high 
doping levels. The possible polaron and soliton lattices were studied for a hole doping level of 
20 %. A marginal solition lattice was found to compete with the undimerized metallic state. 
The experimental studies were performed mostly on thiophene derivatives, which are more 
stable and easily processable than trans-polyacetylene. The semiconducting poly(3- 
alkythiophenes), quinquethiophene and f-carotene, studied by using thin-film field-effect 
transistor structures, show a p-type behaviour and relatively low charge carrier mobilities, 
typically less than 10° cm’/Vs at room temperature for spin-cast and vacuum-evaporated thin 
films. The mobilities in Langmuir-Blodgett films are even lower and decrease with a decreasing 
number of molecular layers. The results are consistent with charge transport by hopping. The 
polymer transistor was also used to study the photoluminescence quenching by the extra 
(bi)polarons accumulated in the channel. Short-channel polymeric transistors were fabricated 
and studied experimentally. In metal-island transistors islands of gold or copper act as very 
small electrodes forming a random network of nanotransistors. Discrete devices with sub-100- 
nm channels also show transistor operation. Despite the short channels, no qualitative 
difference in the transport mechanism is seen compared with the long devices, suggesting 
charge self-localization/trapping either directly or within a few nanometers after injection. 


El 76 GRAHN, K.J., Two-Dimensional Numerical Modelling of Advanced Semiconductor 
Devices from the Physical Point of View. Helsinki 1993, 78 pp. ISBN 951-666-401-6. 


Keywords: Device modeling, hydrodynamic model, heterostructure semiconductors, SiGe 
HBT, wide bandgap semiconductors. 


A new two-dimensional hydrodynamic model for heterostructure semiconductors has been 
derived under the assumption of nonparabolic energy bands. The governing equations have 
been obtained from the first three moments of the Boltzmann transport equation. No specified 
carrier energy distribution function is needed and the model accounts for degeneracy. The 
relaxation time model has been applied to the Boltzmann collision integral and the isothermal 
approximation is assumed for the lattice. Transport equations of lower level of sophistication 
are easily obtained from this hydrodynamic model. The transport equations coupled to 
Poisson’s equation have been discretized by using a generalization of the finite difference 
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scheme, the box integration method. To achieve good accuracy and stability, the current and 
the energy flux density are discretized by a scheme resembling the Scharfetter-Gummel 
approach. Material parameters for Si, Ge, aSiC, BSiC, diamond and Si)..Ge, together with 
new as well as conventional physical models are presented. Simulation of advanced 
semiconductor devices, i.e., ballistic Si diode, Si,.,Ge,/Si HBT, power diamond diode, vertical 
diamond power JFET and lateral diamond power MESFET, has been performed. 


El 77 KUOSMANEN, P., Statistical Analysis and Optimization of Stack Filters. Helsinki 
1994, 106 pp. ISBN 951-666-416-4. 


Keywords: Stack filters, statistical analysis, optimization under contraints. 


The thesis considers new theoretical and practical aspects of an important class of nonlinear 
digital filters, namely stack filters. The first main contribution of this thesis is the establishment 
of important connections between rank selection probabilities and other quantities of stack 
filters. In addition, new algorithms for the calculation of selection probabilities are presented. 
Breakdown points and breakdown probabilities of stack filters are defined and studied in this 
thesis. Their connections to rank selection probabilities and other quantities of stack filters are 
established. Midpoint sensitivity curves are also introduced and studied. A new expression for 
the moments about the origin of the output of stack filtered data is derived and studied in this 
thesis. The noise attenuation capability of any stack filter can now be calculated using this new 
expression. 

The second main contribution of this thesis is the development of an extension of the 
existing optimality theory for stack filters. This theory combines the noise attenuation and 
different constraints on the filter’s behavior. In this thesis various new constraints are 
introduced and used in optimization. A new approach based on breakdown probability as a 
measure of noise attenuation is also derived. For self-dual stack filters it is shown that an 
optimal stack filter which achieves the best noise attenuation subject to given constraints can 
usually be obtained in closed form. An algorithm for finding this form is given and several 
design examples illustrating the possible use of this algorithm in practice as a filter design 
method are presented. 


El 78 TELLINEN, J., Development of the Theory and Design of Saturable Reactors for 
Power Systems. Helsinki 1994, 96 pp. ISBN 951-666-417-2 


Keywords: Ferromagnetic core, saturable reactor, saturation, higher harmonics, compensation, 
iron losses, superimposing direct current and alternating current magnetic fields, double 
magnetization, alternating current saturated reactor, direct current controlled reactor. 


Ferromagnetic saturable reactors are used in electric power systems for reactive power and 
voltage control. The saturable reactors can be arranged in two groups based on their saturation 
mode. The direct current (DC) controlled reactors from the first group and the alternating 
current (AC) saturated reactors the second one. The main problem in these reactors is their 
current distortion and the requirement to reduce or eliminate that distortion. This is possible by 
the compensation or by the reduction of higher harmonics. This possibility has been studied 
from a new point of view based on instantaneous power and relative parameters. Reactor 
diagrams are presented. A simulation method based on using a magnetic multiport and a 
numerical solution has been created for calculations of steady-state saturation harmonics and 
magnetization processes. By means of this method, reactors with different kinds of topologies 
can be simulated without using network circuit equations. Owing to relative parameters, the 
results are extensive although the system is non-linear. An essential problem in saturable 
reactor design is the calculation of the influence of deep saturation on core losses. That is 
particularly important in DC controlled reactors in which DC and AC magnetic fields are 
superimposed. For this purpose, the analytical method taking saturation into consideration has 
been created and tested. 
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El 79 ANDERSSON, M., Modeling of High-Speed and High-Power Semiconductor 
Devices. Helsinki 1994, 45 pp. ISBN 951-666-428-8. 


Keywords: Modeling, semiconductors, parameter extraction, circuit simulation. 


The existing SPICE semiconductor models of today do not model the devices accurately 
enough at high speeds or high power levels. To meet the challenges of rapidly evolving 
semiconductor technologies, electronic systems with higher performance and the increased use 
of computer-aided design methods, new improved models are needed. 

In the work described in this thesis, two different approaches for solving this modeling 
problem for high-speed and high-power devices have been utilized: physical modeling and 
macromodeling. Physical models are strongly based on the device physics and typically quite 
complex. Therefore, they must be implemented into a specific circuit simulator by adding the 
model equations to the simulator code. Macromodels are empirical models which can be 
constructed using elements already available in a circuit simulator, and thus this type of model 
is more general and can be made to work for different circuit simulators without programming. 
The advantages and drawbacks of both modeling techniques are compared 

Physical modeling and macromodeling techniques yielding good results are presented for 
silicon power devices and for silicon, gallium arsenide and silicon-germanium high-speed 
devices. The work has been performed using the APLAC circuit simulation environment, and 
as a result, a number of improvements in device modeling have been added to APLAC. An 
extensive device model library including APLAC programs for model parameter extraction is 
also described. The use of this model library is based on the methods for device 
characterization and parameter extraction developed simultaneously with the device models 
Finally, some ideas for future improvements of semiconductor models are presented 
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Ma 59 RONN, S., On the Regularity Calculus and its Role in Distributed Programming. 
Helsinki 1992, 105 pp. ISBN 951-666-356-7. 


Keywords: Distributed algorithms, networks, regular expressions, rewriting systems, 
invariants, closures, closure productions. 


A formal method has been developed for deriving distributed algorithms using the regularity 
calculus (algebra of regular expressions) and the theory of rewriting systems. First a self- 
contained axiomatisation of the regularity calculus is given. So-called productions (rewrite 
rules) are used to model communication between machines in a network, whose permissible 
states are described by a regular expression termed the closure. The essence of the derivation 
method is to find the productions and final closure of a distributed algorithm stepwise, so that 
from the most recently calculated closure one obtains new productions, each of which leads to 
recalculation of the closure. To this end it is shown how complex closures can be derived from 
a set of elementary closure productions. To make possible calculation with rewriting systems, a 
number of properties are postulated for the relevant operator. One of them is a new inference 
rule, the Production rule, which plays the same role in rewriting systems as Leibniz’s rule does 
in equational systems. The derivation method is applied to three algorithms. Two are about the 
fault tolerance and reduction of control traffic in distributed mutual exclusion schemes, and to 
serve to illustrate faitness proofs. The third algorithm deals with sorting and distributed 
termination detection, and serves to illustrate proofs of termination. 


Ma 60 GUI, J.K., Methodology for Modelling Complete Product Assemblies. Helsinki 
1993, 189 pp. ISBN 951-666-371-0. 


Keywords: Computer aided design, assembly modelling, expert system for design 


Research into modelling complete product assemblies in computers is of significance not only 
for product manufacturing and maintenance, but also for conceptual design problem-solving 
and interpretation. In comparison with other design domains, mechanical design is a 
complicated process. One of the reasons is the complexity of the mechanical systems and 
assemblies themselves. The future CAD/CAM systems must manipulate them as knowledge 
systems rather than pure information systems such as geometric data bases. Knowledge about 
machines and machine design falls basically into two categories: one that can be of explicit 
mathematical forms; the other that is fuzzy in nature. Representation of machines being 
designed, on the one hand, is essentially a problem within the scope of knowledge engineering. 
On the other hand, qualitative reasoning and approximate reasoning combined with traditional 
numerical methods are of increasing importance in design problem-solving. These two aspects 
constitute the main lines of the present thesis. The main contents of this thesis include: how a 
machine can be represented in the terms of function, behaviour and structure, how a design 
problem can be solved on the basis of fuzzy logic, and, in particular, how initial design 
alternatives can be generated by mechanical prototype-based reasoning or case-based 
reasoning (CBR). As an attempt to seek computerised modelling techniques, "A” top down 
design system is initially implemented by using tools of object oriented programming. Finally, 
the thesis presents some application algorithms related to assembly modelling and some 
principles for product data exchange of assembly information. 


Ma 61 HAMERI, A-P., Technical Change, Innovations and Technological Causality - An 
Empirical and Philosophical Enquiry. Helsinki 1993, 129 pp. ISBN 951-666-373-7. 


Keywords: Technical change, innovation, evolution, technical norm, technological causality. 


This work clarifies the nature of technological development. It is argued that often unexpected 
and partially random coincidences play a central role when creative and innovative processes 
are triggered. Yet, the overall industrial structure, which manifests itself through these random 
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processes is not casual, but structurally logical. An extensive conceptual survey is carried out 
to construct a proper framework based on the technical norms depicting the phenomenom. The 
peculiar dynamics of technological development is viewed through various and diverse 
technological parallaxes, which enables the empirical research to focus on the essential. By 
concentrating on the decision processes leading to technological actions in thirteen case studies 
the general features of technological causality are derived. The differences between physical 
and technological causality are analyzed in order to prepare ground for modelling the subject 
mathematically. Relying on the evolutionary paradigm, a dynamical model based on 
nonlinearities expressed by differential equations is constructed and simulated. The model is 
verified by an analogous test with empirical statistics. A tentative description of technological 
evolution with respect to biological evolution concludes the modelling phase. The hypotheses 
expressed in the thesis are supported with strong inductive corroboration. 


Ma 62 DOLENC, A., Software Tools for Rapid Prototyping Technologies in Manu- 
facturing. Helsinki 1993, 111 pp. ISBN 951-666-393-1. 


Keywords: Rapid prototyping, STL format, data transfer. 


The main theme is fast and reliable data transfer between parametric surface models described 
in some neutral file format to manufacturing processes commonly known as Rapid Prototyping 
Technologies or Techniques. The problems investigated include the automatic generation of 
the topology of a model, the estimation of upper-bounds for parametric surfaces, and the 
generation and representation of sliced models. Software tools based on these results where 
implemented and are currently being commercialized. 


Ma 63 LAAKKO, T., Incremental Feature Modelling: Methodology for Integrating 
Features and Solid Models. Helsinki 1993, 84 pp. ISBN 951-666-398-2. 


Keywords: Feature modelling, feature recognition, solid models, blending. 


A feature modelling system is described that introduces an incremental feature modelling 
approach by implementing a hybrid of feature-based design and feature recognition in a single 
framework. During the design process of a part, the user can modify interactively either the 
solid model or the feature model of the part while the system keeps the other model consistent 
with the changed one. This gives the user the freedom of choosing the most convenient means 
for expressing each needed operation. The modelling operations consist of design-by-features 
type operations and solid modelling operations, including the blending of sharp edges and 
corners. The system is based on a novel incremental feature recognizer; this allows changes to 
a geometric model to be recognized as new or modified features, while preserving previously 
recognized features that remain unchanged in the geometric model. Each recognizable feature 
type is specified by a feature definition coded in a feature definition language. The feature 
definitions integrate features and solid models by specifying the transformation from a feature 
to its geometry and a geometric pattern to a recognized feature. In addition, the system 
includes new methods for creating feature and part family classes. New feature classes can be 
created with help of a construction history log; new part families can be created by means of 
translating a prototype instance into a class representation which can be further edited with a 
special editor. 
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Ma 64 TYRVAINEN, P., Domain Modelling for Technical Documentation Retrieval. 
Helsinki 1994, 171 pp. ISBN 951-666-406-7. 


Keywords: Domain modelling, information retrieval, technical documentation, product 
information management, knowledge representation and transfer, thesaurus construction, 


hypertext. 


This work adresses the problem of transferring knowledge of complex technical systems from 
the designers to the end users. The proposed solution is to aid retrieval of technical documents 
by constructing conceptual models to describe the domain of the documentation. The technical 
focus is on reducing the human effort needed to construct these domain models. Different text 
retrieval approaches and the use of domain modelling are analysed. For this purpose, a 
framework of representations used in text retrieval systems is devised. The analysis covers 
information retrieval (IR), natural language processing (NLP), hypertext, and other approaches 
related to document structure. On the basis of this general analysis, the special features of the 
technical documentation process, text retrieval, and domain modelling in technical domains in 
particular are discussed. 

As a result, a list of requirements for ideai knowledge representations aimed at supporting 
text retrieval and a general principle quiding domain modelling processes in technical 
documentation domains are proposed. The realisation of the methods is based on the D&T 
domain models and the DTM modelling system developed in the Esprit II project SIMPR. The 
D&T models satisfy the requirements presented earlier and emphasise explicit representation of 
central domain structures to the users. The DTM modelling system supports the creation of 
conceptual domain models based on available design information databases, utilises structural 
homogeneity of the information, and enables integration of various retrieval techniques for 
mapping the models to the texts. This approach leads to a solution which enables the creation 
of complex hypertext-like structures with a minimal human intervention by selecting the 
relevant information from existing design data sources. The approach is validated in an 
industrial pilot system 


Ma 65 TANSKANEN, K., Supplier Management in Just-in-time Manufacturing. Helsinki 
1994, 140 pp. ISBN 951-666-408-3. 


Keywords: Supplier management, manufacturing systems, procurement, logistics, production. 


This thesis provides new knowledge and methods for industrial companies to develop their 
supplier management system when they are applying just-in-time manufacturing. First, the 
extensive analysis of literature points out the major shortcomings of the existing theory of 
supplier management systems. The major argument is that there is no single ideal supplier 
management system. Instead, there are numerous variations of ideal supplier management 
system depending crucially on company’s circumstances. This aspect is much neglected in the 
literature. 

The empirical study is started by describing and analyzing four company examples of 
developing supplier management. In particular, we compare the supplier management tools 
chosen by companies with key aspects of their situations to formulate the hypotheses 
concerning which tools apply to which cases. Then we carry out an extensive conceptual 
survey to construct a framework for describibg and analyzing supplier management systems. 
The framework is based on the technical norm "if you wish to achieve A and you believe you 
are in situation B, then you should do X”. The framework is evaluated and the hypotheses are 
tested by analyzing four company examples using the framework 

The empirical study indicates that means to develop the controllability of the supplier 
management system seem to be universal while the priority of the goals and the means to 
develop business processes depend crucially on company’s situation. Some major 
interrelationships between goal factors, situational factors and means are identified. In addition, 
a methodology for developing supplier management is designed. 
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Ma 66 LAHDELMA, R., An Object-Oriented Mathematical Modelling System. Helsinki 
1994, 77 pp. ISBN 951-666-411-3. 


Keywords: Modelling languages, mathematical modelling, object-oriented modelling. 


The object-oriented paradigm has been successfully used in many programming, specification, 
analysis, and knowledge representation tasks. The strength of this formalism 1s the flexibility 
and support it provides for designing subsystems, defining abstract data types and building 
reusable software components. In this work a new modelling paradigm, object-oriented 
mathematical modelling, is introduced, where mathematical models and submodels are 
embedded inside objects and classes, which can easily be assembled into larger systems. 
Object-oriented mathematical modelling is particularly suitable for implementing large and 
complex structured models to be used and maintained for a long time. 

The main concepts of object-oriented mathematical modelling are presented as an extension 
of the Mathematical Modelling Environment (MME). MME is an interactive software 
environment for supporting mathematical modelling and algorithm development with an 
algebraic modelling language related to constraint logic programming. Model classes and 
objects can be used for defining and managing reusable model components, which can then be 
assembled into larger models. MME and the object-oriented modelling paradigm are in 
principle independent of the model type, but the current prototype supports only LP/MIP- 
models. Models specified in MME can be solved directly using integrated LP2 linear and mixed 
integer programming package. 


Ma 67 TIAN, L., The Identification and Robust Control of Time Variable Flow 
Processes: A FIR Approach. Helsinki 1994, 107 pp. ISBN 951-666-415-6. 


Keywords: Process modelling, model reduction, robust control, multivariable systems, time- 
varying systems, continuous flow systems. 


This work studies the integration of identification and robust control. The order determination 
of a black-box model is avoided by the parametrization of a finite impulse response (FIR) 
transfer matrix which is characterized by a high model order and a large number of parameters. 
A new multivariable prediction error method (PEM) is developed for FIR estimation, and its 
superiority is proved. Models of continuous flow processes with variable flow and volume 
parameters are studied, and methods are developed for their identification. A time scaling 
method is introduced to compensate variations by using a new variable which has been 
introduced recently, and flow processes have been proven invariant under variable conditions, 
if they are modelled as functions of this variable and their flow patterns do not change. 

The invariant models of the processes can be identified with the FIR parameter estimation 
methods developed in this thesis. In order to compute a controller of a reasonable order, the 
optimal Hankel-norm approximation is applied to find a reduced-order transfer matrix form of 
the estimated FIR, and the McMillan degree of the process model is chosen on the basis of 
comprehensive consideration of Hankel singular values and of the error incurred by the 
approximation. A controller designed by applying H., synthesis and y-analysis quarantees 
certain closed-loop robustness of stability and performance. While the robust stability is 
satisfied, the performance weighting function is maximized to achieve better disturbance 
attenuation. It has been shown that the integrated variable can be used as the independent 
variable of advanced modelling and control in the same manner as the regular time variable. 
The models of mixing, pH, and grinding processes are identified, and their robust controllers 
are designed. 
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Ma 68 TURKKI, P., Production Control of Integrated Meat Plants. Helsinki 1994, 218 pp 
ISBN 951-666-420-2. 


Keywords: Production, control, management, meat processing, simulation, multiple criteria 
decision making 


This study dealt with the control, at the tactical and operative level, of a production system 
comprised of slaughtering, boning and meat processing. A conceptual model of production 
control was first created by analyzing production and its control based on information obtained 
from literature and then by combining the elements important, from the point of view of 
production control, in the meat industry. An integrated production system control model was 
designed to meet the special requirements found in this field of industry, the most significant of 
which was the coordination of independent slaughter animal supply and demand for products 

On the basis of the conceptual model, a two-level formal model was built for the control of 
the slaughterhouse-boning operations system. At the aggregate level of production, a multigoal 
linear optimization model was designed and an interactive computer program, where the 
decision-maker articulates his preference during optimization, was used for the solution of the 
model. For detailed control, a stochastic discrete time network model was designed in the 
SLAM II simulation language. Applications based on the formal models could be used with 
adequate security in given situations in the control of a production system falling within the 
scope of this study. 


Ma 69 KOIVUNEN, M.-R., ActorTools: Tools for User Interface Modeling, Development 
and Analysis. Helsinki 1994, 155 pp. ISBN 951-666-421-0. 


Keywords: User interface development process, usability, user-centered design, user interface 


development tools, user interface analysis. 


This thesis examines the user interface development process focusing on usability and outlines 
possibilities for supporting this process by various user interface tools. The first part of the 
thesis focuses on the requirements for a user interface development tool and on user interface 
modeling while the second part of the thesis describes three developed user interface tools 
which exemplify the conclusions drawn on the basis of the first part. 

In the first part of the thesis, the user interface development process and the human 
characteristics are discussed in order to determine the requirements. Usability maturity levels 
are developed in order to assess the maturity of a development process. Various approaches 
for developing user interface tools are modeled and some earlier user interface tools are 
examined. Different user interface models and control techniques for an interactive system are 
evaluated. In addition, a unified model for comparing the user interface models is presented 
Also, dimensions are developed for analyzing different aspects of user interface tools, user 
interface models, and control techniques. 

In the second part of the thesis, three interconnected user interface tools are developed. 
These tools are based on the same underlying concepts supporting model-world user interfaces 
with domain specific user interface components. WimperActors is a user interface toolkit that 
provides easily extendible components and combination methods. ActorStudio is a user 
interface editor that provides graphical, interactive editing facilities for the WimperActors 
components and different views to user interface development. It produces a Screenplay 
description of the user interface which can be used by a user interface critiquing and modifying 
too Critic. 

The developed tools can be used to support the highest maturity levels of the user interface 
development process. This done by providing elements that can be used to steer the designer 
into a preferred direction. These elements are modifiable by user interface experts according to 
the results from usability research or agreed on standards. 
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Ma 70 KANTOLA, R., Replicated Computations in a Distributed Switching 
Environment. Helsinki 1994, 149 pp. ISBN 951-666-430-X. 


Keywords: Fault-tolerance, replicated computations, migration of computations, switching. 


Replication of computations in a distributed switching environment is studied. The first topics 
discussed are the requirements and the other design goals that have to be met by replicated 
computations in a distributed switching system. The requirements on the grade of service and 
availability performance objectives are largely set out in the international standards. A 
structured probability oriented software approach to building a kernel supporting replicated 
computations is suggested and the functional as well as the probability properties of the 
replication scheme are investigated. To aid the definition and investigation of the functional 
properties of the replication scheme a model of computation based on the actor model of 
Hewitt and Agha is defined and used. The overall replication scheme consists of a loose basic 
scheme, the real-time computation migration tools, here designated as warm-up algorithms, 
and the corrective replication tools augmenting the basic scheme. Language methods which 
enhance the transparency of the replication scheme are also discussed. The work has been done 
in connection with a redesign project of a distributed digital switching system and the results 
have largely been implemented in that environment. 


Ma 71 ARTTO, K.A., A Supply Decision Procedure for the Distribution of Magazines. 
Helsinki 1994, 275 pp. ISBN 951-666-433-4. 


Keywords: Supply decision, decision model, distribution, demand forecasting, optimization, 
newsboy problem, magazines. 


The primary objective of this study is to develop an appropriate supply decision model for 
magazine single copy distribution. Inventory theory forms the basic theoretical foundations for 
this study. A decision-oriented approach is used as the research methodology. Applicability 
and performance of models and other theoretical developments are validated in an extensive 
empirical real-life simulation experiment with several weekly titles in the Finnish single copy 
market. 

The most important new theoretical issues include development of a supply decision 
framework, forecasting model development, construction of supply decision procedures and 
decision rules for both unconstrained and constrained supply decision problems, and 
development of different service level measures for decision performance measurement. A 
discrete transformation for the continuous demand distribution is developed that facilitates 
theoretical developments in the areas of supply decision making and service level measurement. 
Empirical application of the model with an optimal distribution policy results in a solution that 
represents the overall solution that maximizes total profits in the whole sales outlet network. In 
general, a significant profit increase over current operations is achieved with the supply 
decision model developed in this study. Also service level measure behaviour is validated 
empirically. Furthermore, it is empirically shown that profit is sensitive to forecast lead time, 
and remarkable savings can be achieved by taking weekly seasonality into account in the 
forecasting model structure. 

In general, developments of this study can be considered applicable also to other perishable 
products than those examined empirically in this study. 
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Me 101 ELLMAN, A., Proposals for Utilizing Theoretical and Experimental Methods in 
Two-Way Cartridge Valve Circuits. Helsinki 1992, 57 pp. ISBN 951-666-355-9 


Keywords: Modelling, simulation, identification, CAE, fluid power, hydraulic, cartridge valve 


Both the steady-state and dynamic properties of various kinds of cartridge valve circuits are 
solved by means of time domain simulation. A flexible circuit model formulation is achieved by 
partitioning the circuit model into models for fluid fields and models for fluid power 
components, which are identified individually. A model for a two-way cartridge valve is 
developed. To avoid problems with mathematical stiffness in the case of small oil volumes and 
with discontinuous effects in the case of transition of the flow mechanism, models for flow 
resistance and incompressible volume are introduced. Due to a lack of adequate parameter data 
in the catalogues for the model of the two-way cartridge valve, a convenient identification 
method is developed. 

The effectiveness of the simulation method is evaluated by comparing the simulated steady- 
state and dynamic properties of the cartridge valve circuit with the experimental results in the 
case of directional valve function, pressure relief valve function and three-way flow control 
valve function. These properties are investigated in the case of three different cartridge valve 
constructions, three operating points and three diameters of pilot orifices 

The importance of the identification accuracy of the parameter data is examined for the 
switching times of the directional control valve function by means of parameter sensitivity 


analysis. 


Me 102 RATY, R., Self-Excited, Ice-Induced Vibrations of an Arctic Oil Drilling 
Structure. Helsinki 1992, 25 pp. ISBN 951-666-360-5 


Keywords: Monopode, ice force, ice-induced vibrations 


The monopode structure suitable for modelling oil and gas drilling structures in deep arctic 
waters is studied using the finite element method. Due to the crushing strength properties of 
ice the structure may exhibit self-excited oscillations. By using the developed mathematical 
model and the computer program the dynamic response and the stresses of the structure are 
calculated. Especially the effect of the location of the exciting force is studied. 


Me 103 NIEMI, S., On the Possibilities to Increase Power Output and Reduce Exhaust 
Emissions of a Spark-Assisted Direct-Injection Ethanol Engine. Helsinki 1992, 150 pp. 
ISBN 951-666-362-1. 


Keywords: Alcohol engine, spark-assisted, direct-injection, ethanol fuel, exhaust emissions. 


A spark-assisted direct-injection engine was developed using neat ethanol as fuel. Three 
different engine versions were tested: unthrottled and throttled naturally aspirated engines and 
an unthrottled turbocharged engine. 

At the first stage, low-load operation of the unthrottled naturally aspirated test engine was 
improved by optimizing injection nozzles and injection timing. An oxidation catalyst was used 
for exhaust purification. 

At the next stage, a mixture control system providing stoichiometric air-fuel mixture and a 
three-way catalyst were incorporated in the naturally aspirated engine. Engine operational 
stability was improved, power increased and exhaust emissions reduced by developing the 
mixture control system. 

At the final stage, the engine was turbocharged. Efforts were made to prevent autoignition 
and to provide an equal spark-ignition over the entire engine operating range. A charge air 
cooler was installed on the engine. Injection nozzles and compression ratio were optimized. 
The use of a wastegate turbocharger was found as a reasonable means to provide favorable 
high-load boost conditions. Turbocharger turbine casing, low-load boost and injection timing 
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were optimized. Effects of charge air temperature and spark timing were tested. An oxidation 


catalyst was utilized. 

At the end of each stage, performance, efficiency and exhaust emissions of the optimized 
engine were determined. The results were compared with those of the baseline diesel. 
Comparative evaluations were also made with the results of other alcohol engines having a 


similar combustion concept. 


Me 104 RATY, R., Studies on Nonlinear Dynamics of Driven Vibrating Systems with 
Dissipation. Helsinki 1992, 25 pp. ISBN 951-666-364-8. 


Keywords: Generalized Sturm-Liouville theory, non-trivial boundary conditions, general 
orthogonality and mode summation, monopode structure, oil-drilling structure. 


Nonlinear dissipative continuous and discrete systems at different levels of complexity are 
considered. Firstly, a general theory for the dynamics of one-dimensional continua with 
elastically or rigidly mounted rigid parts extending the traditional Sturm-Liouville theory is 
developed. The solution, taking into account nonlinearities and dissipation as forcing terms, is 
formed in terms of proper eigenmodes with the aid of the associated orthogonality relations. 
As an application the dynamics of an arctic offshore structure is studied. The modal analysis 
with proper eigenmodes is performed. The finite element method-solution is also developed. 
Secondly, a particle in a symmetric potential well with quartic nonlinearity is studied. The 
exclusion rule for inversion symmetric attractors is derived. The chaotic motion and its 
universal features are considered. The effect of a small asymmetry is studied. Finally, the 
dynamics of an impacting particle with piecewise analytic solution is considered. The rich 
chaotic behaviour, the Farey organisation of the solutions, a peculiar group of devil’s attractors 
and the phase locking phenomenon are found. The fractal basin boundaries of multiple 
coexisting attractors are examined. 


Me 105 NIEMI, S., Optimization of Some Components and Operational Parameters of a 
Turbocharged and Intercooled Spark-Assisted Direct-Injection Ethanol Engine. Helsinki 
1992, 32 pp. ISBN 951-666-366-4. 


Keywords: Alcohol engine, spark-assisted, direct-injection, ethanol fuel, exhaust emissions. 


A neat ethanol burning spark-assisted direct-injection engine was further developed by 
installing a turbocharger and an intercooler on the engine. Some main components and 
operational parameters had to be optimized in order to obtain a high power output and low 
exhaust emissions and to provide stable engine operation throughout the entire load-speed 
range. 

Three different multi-hole injection nozzles and two in-line injection pumps were tested and 
compared. A suitable compression ratio and appropriate full-load boost pressure characteristics 
were sought so as to prevent autoignition and knock. A standard and a wastegate turbocharger 
were employed, and the latter was chosen due to its excellent full-load boost characteristics. 

Three different turbine casings were investigated in the wastegate turbocharger. Proper 
boost pressures for partial loads were determined in order to prevent excessive mixture 
weakening and misfiring. Optimum injection timing was sought for different component and 
parameter combinations. The effects of the charge air temperature and spark timing were 
briefly examined. 
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Me 106 JUHALA, M.J., JUSTINA - a Platform for Autonomous Land Vehicle Research 
and Development. Helsinki 1993, 118 pp. ISBN 951-666-372-9 


Keywords: Autonomous land vehicle, machine vision, satellite navigation 


In the present study a platform for autonomous land vehicle research and development has 
been developed. The platform makes it possible to conduct tests in natural surroundings 

The platform is based on a small car, which has been modified and equipped for computer 
control. The car is equipped with a controller area network, which makes it possible to use 
parallel processing. The computer system and the modifications made are described 

Programs for basic image processing have been written and they are tested in a simple line- 
following application. The programs allow different image processing tasks to be done on a 
desktop computer using either a recorded video signal or digitized images from natural scenes 
Special attention has also been paid to the camera calibration procedure. 

A simple vehicle model has been created for hardware in the loop testing of image 
processing and vehicle control algorithms. The model uses artifically produced road images. 
The vehicle is equipped with a differential GPS navigation system, which has been tested on an 
open field application. This platform is modular and can be easily adapted for different research 
purposes in autonomous land vehicle development. 


Me 107 WUORI, P.A., Large Scale Model for Turbulent Flow in Smooth Circular Pipes. 
Helsinki 1993, 47 pp. ISBN 951-666-383-4. 


Keywords: Turbulence, pipe, fluid mechanics 


A mathematical model for turbulent pipe flow has been developed based on results from three 
test series which were carried out by others many years ago. The model contains the velocity 
distribution function from which the distributions of eddy viscosity, mixing length and product 
of perturbation velocities have been derived. The pipe friction factor as a function of Reynolds 
number has also been derived from the velocity distribution. 

Discrepancies in test results from different test series have been discussed and the model 
has been compared both numerically and graphically with test results for twentythree different 
Reynolds numbers. Finally, the pipe friction factor has been calculated from the model and 
compared with test results. 


Me 108 NYBERG, T.R., Dynamic Macro Topography of Large Slowly Rotating 
Cylinders. Helsinki 1993, 85 pp. ISBN 951-666-382-6. 


Keywords: Macro topography, cylindricity, out-of-roundness, diameter deviation, straightness 
deviation, asymmetric bending, motion of axis of rotation, measurement, in-situ, three-point 
method, sequential two-point method. 


A new method for in-situ measurement of large slowly rotating cylinders was developed. The 
work covers the development of a mathematical model of the dynamic macro topography of 
cylinders, adaptable to computer-aided measurement, and the development of a theory and 
system for measurement. The mathematical model is applicable to cylinders under all kinds of 
loading conditions as long as the deformations are elastic. 

The technical background of the method lies in technoloy that dates from the introduction 
in the late 1960s of a new measuring theory and system for roundness called the three-point 
method, and a new measuring theory and and system for straightness called the sequential two- 
point method, introduced in the 1980s. The key to the solution of the problem is in 
distinguishing shape errors from motion errors. The study is quasi-static, i.e. inertia forces are 
neglected because their significance is very small at slow rotational speeds. 

Computer simulations and experimental test results are presented. The results cover studies 
of the effects of signal errors onthe final result and practical measurements to show the 
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performance of the system in workshop conditions. A new set of rules for selecting appropriate 
sensor positions is given. Finally, the limitations and the future of the method are discussed. 


Me 109 ROPPONEN, T., Actuation Redundancy in a Closed-Chain Robot Mechanism. 
Helsinki 1993, 78 pp. ISBN 951-666-387-7. 


Keywords: Robots, redundancy, robot control, closed-chain mechanism, direct-drive actuator. 


A new method that solves the control of actuation redundancy in a closed-chain robot 
manipulator is presented. The method is verified by experiments and simulations. A closed- 
chain direct-drive robot with actuation redundancy is designed and constructed for the 
experiments. The new control scheme of the actuation redundancy is implemented for the 
direct-drive robot. The characteristics of two model-based control methods, feedforward 
control and computed torque control, are evaluated and compared. 

The experiments verify that the proposed control scheme performs successfully and no 
algorithmic singularity is found. In dynamic load cases, the advantage achieved by the chosen 
redundant motor is not significant. However, in the stationary load case, the simulation 
indicates that the redundant actuator increases the maximum end point forces. The low net 
effect in dynamic motions is a consequence of the increased inertia induced by the redundant 
motor, and the low torque-weight ratio of the additional motor. To improve the effect of the 
redundant actuator, its location should be optimized in order to decrease the inertia torque. 
Also, a more efficient torque weight-ratio of the motor would improve the redundant 
performance. The results show that the computed torque control is capable of greater and 
prompter position tracking than feedforward control. Similarly, the positioning accuracy in 
steady-state is more precise for computed torque. The experiments verify that the new 
redundant actuation control distributes the joint torques correctly in real time. The study 
indicates that actuation redundancy benefits most in stationary situations, where large exerting 
end point forces are needed. This implies that the actuation redundancy offers potential for 
force control applications. 


Me 110 SAIKKO, V., Tribology of Total Replacement Hip Joints Studied with New Hip 
Joint Simulators and a Materials-Screening Apparatus. Helsinki 1993, 44 pp. ISBN 951- 
666-388-S. 


Keywords: Total replacement hip joint, hip joint simulator, tribology of prosthetic joint 
materials. 


The principal factor causing loosening of the fixation of total replacement hip joints (TRHJ) is 
likely to be the wear products of the implant, mainly ultrahigh molecular weight polyethylene 
(UHMWPE), that provoke tissue reactions leading to gradual destruction of bone around the 
implant. Three apparatus were designed, constructed and used for the study of the tribology of 
TRHJs: a single-station servo-hydraulic microcomputer-controlled hip joint simulator for 
friction tests; a five-station electromechanical-pneumatic hip joint simulator for wear tests, and 
a three-station reciprocating pin-on-flat apparatus for materials-screening. All tests were done 
in distilled water and at body temperature. The counterfaces of UHMWPE included Co-Cr- 
Mo, stainless steel, Ti-6A1-4V, alumina, zirconia and silicon nitride. 

The results were on the whole consistent with the literature on clinical observations. The 
UHMWPE-alumina combination proved overall superior: the wear of UHMWPE was normally 
minimal, even zero, and the coefficient of friction was low. However, titanium particles 
removed from the taper of the stem, adhering to the bearing surface of the alumina femoral 
head, caused high wear of the UHMWPE acetabular cup. Zirconia and silicon nitride did not 
manifest any advantage over alumina. The wear of UHMWPE against ion-implanted Ti-6A1- 
4V was very low, lower than that against Co-Cr-Mo. In UHMWPE -stainless steel, the wear 
was the highest of all combinations studied. 
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Me 111 LARMI, M., Transient Response Model of Low-Speed Diesel Engine in Ice- 
Breaking Cargo Vessels. Helsinki 1993, 106 pp. ISBN 951-666-378-8. 


Keywords: Diesel engine, ice-breaking, low-speed, model, transient response. 


The propulsion system of ice-breaking cargo vessels is briefly discussed. A transient response 
model of the low-speed diesel engine is presented. The model was developed to stimulate low- 
speed diesel engine driven propulsion systems in ice-breaking cargo vessels during rapid load 
fluctuations. The low-speed diesel engine model is a thermodynamic quasi-steady model with 
cylinder processes. The exhaust gas receiver heat capacity was included in the model and an 
exhaust gas receiver heat transfer model was developed. The simulated transient response is 
compared to the available measured transient response of a four-cylinder low-speed marine 
diesel engine. The model is capable of following the measured response with favourable 
agreement. The exhaust gas receiver heat transfer coefficient was derived indirectly by fitting 
the simulated transient response to the measured data. The use of the engine model is 
demonstrated through the propulsion system simulation of an ice-breaking tanker. The main 
engine of the vessel is an eight-cylinder low-speed diesel engine driving a ducted controllable 
pitch propeller. The low-speed diesel engine model proved its capability to simulate engine 
transient response during manoeuvring and during propeller-ice interaction 


Me 112 ZHAO, T., Fuzzy State Controller with Reference to a Hydraulic Position Servo. 
Helsinki 1993, 83 pp. ISBN 951-666-396-6. 


Keywords: Fuzzy state controller, fuzzy set, control theory, hydraulic position servo. 


A new controller that combines fuzzy logic with state feedback control has been developed. 
The controller is called the fuzzy state controller (FSC). The product operator t-norm has been 
succesfully employed in the development of the FSC. The relation between piston velocity 
distribution and the inertia load has been established and has been used for the design of a FSC 
for a hydraulic position servo (HPS) with unknown load. The FSC has been successfully 
applied to the position control (both extending and retracing strokes) of a HPS with an 
unknown load ranging from 60kg to 240kg, stroke ranging from 10mm to 50mm, and piston 
target position between 100mm and 900mm. 

By applying the least squares approach and a recently developed identification method 
which uses simple step function and shifted orthogonal polynomials, the system parameter 
identification of the HPS has been effectively carried out. The identified system parameters 
have also been used for the FSC gains design. The designed controller works well in position 
control of the HPS. 

In order to achieve faster response and more accurate steady state accuracy for long 
strokes, a nonlinear state controller (NSC) has been proposed. By combining NSC and FSC, 
the position control of a HPS with unknown load, undesigned stroke and target position have 
been achieved with excellent dynamic response and steady state accuracy. 


Me 113 JAMSA, L., The Conditions Required for Inventions to Achieve Utilisation 
Agreement. Helsinki 1994, 137 pp. ISBN 951-666-400-8. 


Keywords: Invention, utilisation. 


The subject of the research is the transfer of an invention from an external inventor to a 
company. The objective is to examine the inventor, the invention, its presentation and the 
target of the presentation. The events of the presentation and the effects of factors affecting it 
are studied and an attempt is made to understand the phenomena as a whole. 

A broad-based logical correlation structure of the relevant factors, in the form of an 
exploratory research framework, was made on the basis of previous research, literature, and 
prevailing concepts among inventors and product development engineers in industry. Based on 
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this, the exploratory research stage was carried out using personal interviews with inventors; 
the sample included 33 inventors, 81 inventions and 153 presentations to companies. The 
results were examined using as a measure the success in activating the target company and the 
signing of a utilisation agreement, and also by looking at frequently repeated presentation 
scenarios. 

The repeatibility of the observations from the exploratory stage was clarified by the 
interviews with buyers. They consisted of 38 companies and 112 invention presentations. In 
addition to the criteria, activation and utilisation agreement, the development of the invention 
into a significant innovation was used in these interviews as a success criterion. The 
repeatibility of the observations was also tested with factorial and regression analyses of both 
inventor and buyer interview materials. 

The revised research framework based on the results of the interviews was applied to a set 
of instructions for invention presentations and to a recommendation considering beneficial 
ways to support the inventing process. 


Me 114 PALOPOSKI, T., Drop Size Distributions in Liquid Sprays. Helsinki 1994, 209 pp. 
ISBN 951-666-409-1. 


Keywords: Atomization, sprays, drop size distribution. 


A comparative study was carried out on the applicability of different distribution functions to 
express the drop size distributions in liquid sprays. Six different distribution functions were 
compared; they were the upper-limit, log-normal, Nukiyama-Tanasawa, Rosin-Rammler, log- 
hyperbolic and three-parameter log-hyperbolic distribution functions. The comparison was 
based on experimental data consisting of twenty-two data sets from seven different 
experimental studies. The chi-square statistical test was used as a criterion for the goodness-of- 


fit. 

The results show that the best fit to the experimental data was provided by the Nukiyama- 
Tanasawa and log-hyperbolic distribution functions. The upper-limit and log-normal 
distribution functions were reasonable but clearly inferior to the Nukiyama-Tanasawa and log- 
hyperbolic distribution functions. The Rosin-Rammler and three-parameter log-hyperboloc 
distribution functions did poorly in this study. 

The Nukiyama-Tanasawa and log-hyperboloc distribution functions are mathematically 
rather complex and problems occurred in the determination of the best-fit values of the 
parameters. The log-normal distribution function is particularly simple and easy to use and can 
perhaps be used in applications where the accuracy requirements are less stringent. 

It is not clear why the Nukiyama-Tanasawa and log-hyperbolic distribution functions were 
the best. Further work is needed to develop drop size distribution functions based on 
theoretical understanding of the break-up of bulk liquid into drops. 


Me 115 HARKONEN, M., AULA, A. and AITTOMAKI, A., Heat Transfer and 
Hydrodynamics of Faliing Liquid Films. Helsinki 1994, 68 pp. ISBN 951-666-423-7. 


Keywords: Falling films, film thickness, heat transfer, sugar/water solution. 


A series of heat transfer experiments is performed with saturated pure water and sugar/water 
solution films flowing down on outside surface of a smooth or fluted vertical stainless steel 
tube near atmospheric pressure. Experimental apparatus is designed and built. Data on length- 
averaged heat transfer coefficient are presented in a range of Prandtl numbers 2 < Pr < 20 
with wall heat fluxes up to 30 kW/m’. Results show that the measured heat transfer coefficient 
does not agree very well with the well-known correlation of Chun & Seban. A new corrected 
heat transfer correlation is presented. Results with fluted tube are presented and a comparison 
with smooth tube shows that the heat transfer is increased slightly more than the increased heat 
transfer area presumes. 

Film thickness measurements are carried out by a specially designed probe assembly. Wave 
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frequencies and wave lengths are also determined. According to the measurements the typical 
wave frequency is about 10-15 Hz near the film distribution device and is rapidly decreasing to 
the value of about 5 Hz. Measured film thickness and wave velocity show a trend according to 
some literature correlations. 


Me 116 KUJALA, P., On the Statistics of Ice Loads on Ship Hull in the Baltic. Helsinki 
1994, 98 pp. ISBN 951-666-432-6. 


Keywords: Ship hull, ice load statistics, extreme ice loads, Poisson process, full scale 
measurements, damage statistics, ice rules. 


Probabilistic models are developed for ice loads in specific ice conditions and for long term ice 
loads encountered by shell structures of ships in the Baltic Sea. The models developed are 
aimed to give results that can be used in the development of design codes for ice-strengthened 
ships. The developed methods are verified by extensive full scale measurements onboard IB 
Sisu, MS Arcturus, and MS Kemira. Also, a database of damage statistics is gathered and 
analysed to evaluate, for verification purposes, the extreme load level at the midship and 
aftship areas. 

The physical background for the ice loads is studied through idealisation of ship-ice 
impacts. The idealisation covers the ice edge failure process, ice conditions and ship’s ability to 
move in ice. The ice edge failure is assumed to initiate by crushing and the crushing continues 
until the ice edge breaks either due to bending or shearing failure. These failure events 
determine the peak values for the ice loads. The physical parameters included in the idealised 
ice edge failure models are defined as random variables. The main random variables are level 
ice thickness, thickness of the consolidated layer in a ridged ice field, ice flexural strength, and 
ice crushing pressure. Four point bending field tests are done to evaluate the statistical 
properties of ice flexural strength. The statistical characteristics of the ice crushing pressure is 
determined by modelling the crushing as a compund Poisson process 

For a long term statistical approach, a semi-empirical approach is developed for estimation 
of long term ice loads on various parts of a ship. The empirical database required in the 
developed approach is gathered by four year measurements onboard MS Kemira. The effect of 
ship hull shape and ice breaking capability are included based on the calculated relationships 
applying the idealised model of ship-ice impacts. An equivalent level ice thickness of a ridged 
ice field is determined to include the increase of load level caused by the consolidated ridged 
ice on various sea areas. The long term approach developed is verified by four year 
measurements onboard MS Arcturus. 
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Ph 179 ISOTALO, H., Thermopower of FeCl3-doped Polyparaphenylene. Helsinki 1992, 8 
pp. ISBN 951-666-346-X. 


Keywords: Thermopower, conducting polymers, polyparaphenylene. 


The thermoelectric power (TEP) has been measured as a function of temperature in the 
interval 20...350 K in FeCl;-doped polyparaphenylene (PPP). In weakly doped material a room 
temperature TEP = +1200 ywV/K is observed, decreasing to 25 ywV/K for high dopant levels. 
All measured samples exhibit a positive TEP typical of p-type material. In the metallic region a 
so far unreported behaviour in doped PPP is observed, i.e. an overlinear temperature 
dependence of TEP. This behaviour is successfully explained by a model with a material 
consisting of highly conducting strands separated by thin potential barriers. The observed 
temperature dependence of the de conductivity, o = oyexp[-(To/T )'7] then stems from the 
potential barrier limited conduction. The model further explains the large difference found 
between the conductivity obtained from optical measurements and the measured dc 
conductivity. 


Ph 180 PARTANEN, J., Synchroton Section Topographic Studies of Silicon. Helsinki 
1992, 47 pp. ISBN 951-666-347-8. 


Keywords: X-ray topography, Czochralski-silicon, synchrotron radiation, gettering. 


X-ray section topographs of Czochralski-grown silicon wafers were made with synchrotron 
radiation having a continuous spectrum. If the crystal was nearly perfect, pendellésung fringes 
were observed. An intensity curve of pendellésung fringes measured from an X-ray film was 
found to coincide rather well with the calculated, theoretical fringe pattern. The fringes were 
also measured with a direct X-ray sensitive charge-coupled device; no radiation damage was 
observed. In topographs of heat-treated silicon wafers images of crystallographic defects were 
found. A comparison with transmission electron microscopy showed that section topography 
revealed stacking faults, dislocations and oxygen precipitates; however, another method, light 
scattering microscopy, was found to reveal even such precipitates which were smaller than the 
resolution of the section topographic technique used. 

Section topography was employed in the study of various intrinsic and extrinsic gettering 
treatments of silicon. Polysilicon and silicon nitride thin film gettering were found to enhance 
oxygen precipitation in the bulk of the wafer; phosphorous gettering did not result in a similar 
interaction between extrinsic and intrinsic gettering. Electrical measurements were used to 
determine the effectiveness of the gettering treatments. The ”ideal” intrinsic gettering structure 
with a defect zone in the bulk and a denuded zone under the front surface was not necessarily 
the most favourable. 


Ph 181 SOININEN, E., Positron Diffusion and Surface Interactions in Solids. Helsinki 
1992, 42 pp. ISBN 951-666-348-6. 


Keywords: Positron annihilation, positron beams, diffusion, semiconductors, surfaces. 


Positron diffusion in solids and interactions at solid surfaces have been experimentally studied 
using positron beams. The positron diffusion coefficients have been extracted at 20-1400 K in 
metals and at 130-1000 K in semiconductors. The theoretical prediction that positron diffusion 
is limited by scattering from longitudinal acoustic phonons is experimentally verified. In Si also 
optical phonons contribute to positron scattering at high temperatures and in GaAs polar- 
optical phonons are as important as acoustic phonons. The effect of ionized impurity scattering 
is demontstrated in heavily doped Si. Positron emission and Ps formation at metal surfaces are 
investigated. At clean negative workfunction surfaces the yields are strongly depleted at low 
temperatures, in accordance with wave mechanical reflection of the positron from the surface 
barrier. By using positron-annihilation-induced Auger electron spectroscopy (PAES), the 
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positron desorption process from the surface potential well was found to follow a thermal 
activation behaviour. The result shows that the positron-induced Auger electrons originate 
from annihilations of positrons at the surface potential well. The elemental composition of the 
Ge surface was monitored using PAES and better surface sensitivity than by conventional 
electron-impact-induced Auger electron spectroscopy was attained. The positron beam 
technique was applied to study defects in epitaxial GaAs layers on Si. Both vacancy and Si 
clusters are detected and their relations to the dislocation density and Si diffusion are 
established. 


Ph 182 MAKELA, J., Studies on Irradiation Induced Aerosol Particle Formation 
Processes in Air Containing Sulphur Dioxide. Helsinki 1992, 115 pp. ISBN 951-666-351-6. 


Keywords: Aerosol formation, irradiation, ion mobility, nucleation, sulphuric acid, ultrafine 
aerosol particle. 


Irradiation induced aerosol particle formation from humid air containing SO) in the ppm range 
has been studied both theoretically and experimentally. In the theoretical part a model has been 
constructed to describe ion kinetics, radical kinetics, sulphuric acid formation and aerosol 
dynamics in a flow reactor system. The model is used to estimate production of gaseous 
sulphuric acid and to consider alternative nucleation mechanisms and their characteristics in 
binary H2SO,-H20-systems. A flow reactor set up to irradiate the gas mixture by X-rays in 
room temperature has been designed and constructed. The ion mobility distributions 
corresponding to absorbed doses in the range 0.1-10 mGy have been experimentally verified 
using a Differential Mobility Analyzer VIE-O08 and a Faraday Cup Electrometer. In the 
conditions used in the flow reactor this dose produces ions corresponding to electrical 
mobilities 2.2-0.1 cm’/Vs and sizes between 1 and 5 nm respectively. The ion mobility 
distribution can be used to estimate total particle size distribution. The electrical mobility 
distribution is clearly seen to spread to larger ion sizes with increasing irradiation dose. 

This suggests that ion-induced nucleation has taken place in the flow reactor. A quantitative 
theoretical estimation succeeds in predicting the overall amount of particulate matter in most 
cases but it clearly fails in predicting the treshold conditions where the particles are formed and 
furthermore it fails in predicting the order of nucleation rate in the system. The work is directly 
applicable to particle formation processes in aerosol chargers and neutralizers as well as in the 
electron beam cleaning technique for flue gases. However, the application of this work to the 
H2SO,-H20-particle formation arising from ion spectrum in atmospheric conditions will need 
further experimental studies on the ion mobility distributions in real atmospheric situations. 


Ph 183 LAAKSONEN, A., Theoretical Studies on Binary Homogeneous Nucleation. 
Helsinki 1992, 12 pp. ISBN 951-666-353-2. 


Keywords: Nucleation, hydration, stratospheric aerosols, liquid clusters, sulphuric acid, 
hydrogen iodide, n-alcohols. 


Several aspects of binary homogeneus nucleation in the vapour phase have been considered. 
Extensive numerical studies were performed with the H,O-H2SO, mixture. Various 
expressions for the kinetic part of nucleation rate were examined, and the differences in the 
numerical predictions were found to be considerable in some conditions. It was predicted that 
stratospheric sulphuric acid vapour is largely hydrated. Numerical simulations based on 
classical nucleation theories were performed with the H,O-HI mixture. It was seen that 
significant nucleation occurs in certain conditions, and that the nucleation rate depends 
drastically on gas phase activities. Nucleation of water and hydrogen iodide was also simulated 
in ACE (Advanced Containment Experiment) test conditions. An extended hydrates interaction 
model was derived for systems where the gas-phase number concentrations of acid and water 
molecules are of the same order of magnitude. It was shown that the equilibrium constants for 
hydration applied in the theory of Jaecker-Voirol et al. are not needed in the new theory. 
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Hydrate distributions were calculated for the water - hydrogen iodide system. A new thermo- 
dynamical model for the description of clusters in water - alcohol systems was developed. The 
clusters are divided into an interior layer and a unimolecular surface layer. The surface excess 
in the cluster is the same as in macroscopic liquid. The model was applied to binary nucleation 
of water - methanol, water - ethanol, and water - n-propanol. The predictions of the model 
were shown to agree fairly well with experimental results in wide activity and temperature 
ranges, nucleation rates varying from unity to 10 J 


Ph 184 POYHONEN, P., Low Loss Photoresist Masked Silver Film Ion-Exchanged Glass 
Optical Waveguides. Helsinki 1992, 11 pp. ISBN 951-666-359-1. 


Keywords: Ion-exchanged glass optical waveguides. 


Loss mechanism in silver film ion-exchanged single-mode channel wavequides is studied. The 
main loss mechanism characteristic of this technique is identified to result from lack of 
adhesion of the silver film to the underlying glass. A loss of 0.15 dB/cm was measured in a 
photoresist masked silver film ion-exchanged channel waveguide fabricated with improved 
adhesion. 


Ph 185 POYHONEN, P., Silver Film Ion-Exchanged Glass Optical Single-Mode Channel 
Waveguides and Components. Helsinki 1992, 11 pp. ISBN 951-666-361-3. 


Keywords: Ion exchange, optical waveguides, integrated optics. 


The silver film ion exchange process is studied for fabrication of single-mode 
telecommunication fiber compatible components. The power splitter and wavelength division 
multiplexer, the two components required by a passive optical network (PON), are 
demonstrated. The power splitter was fabricated utilizing a method only possible when the 
silver film ion exchange process is used. The special properties of this process are also 
demonstrated by a channel waveguide fabricated in erbium doped phosphate glass. The loss 
mechanism in silver film ion-exchanged single-mode waveguides is analyzed and based on the 
results, losses have been reduced to PON application acceptable level. 


Ph 186 RANTALA, J., Nondestructive Thermal Testing and Characterization of 
Polymers and Ceramics Using Optical Beam Deflection and Infrared Detection. Helsinki 
1993, 28 pp. ISBN 951-666-368-0. 


Keywords: Nondestructive evaluation, thermal instruments and techniques, thermal diffusivity, 
thermal imaging. 


Applications of thermal methods to defect detection and thermal diffusivity determination of 
polymer and ceramic samples are presented. The optical beam deflection (mirage) method was 
used to determine vertical crack lengths in Si;N,. The measurements and numerical simulations 
show that the end of a closed crack can be localized within 10 um. Another application of the 
mirage method is to measure thermal diffusivities of several medium- and low thermal 
diffusivity samples, including different ceramics, polymers, and rare earths. Special 
consideration was paid to the determination of anisotropic thermal diffusivity of polymers. The 
effect of the experimental mirage measurement parameters was also studied to find out the 
most suitable parameter values gave the best possible reliability for low thermal diffusivity 
measurements. The analyzing methods for mirage data have been developed by means of multi- 
parameter fitting and partial least squares regression. The improvements in the data analysis 
technique and the measurement set-up allowed the low-diffusivity limit for the applicability of 
mirage method to the thermal diffusivity measurements to be pushed to 0.0005 cm7/s. Before 
this study the limit was about 0.02 cm’/s, and thus mirage technique based thermal diffusivity 
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determinations were not suitable for polymeric materials. The thermal diffusivity of bulk 
polymers can be determined with an accuracy of 10% and the method is reliable for polymer 
foils if the foil thickness is more than 80-100 um. A method based on line heating and infrared 
(IR) detection to determine the anisotropy ratio of thermal diffusivity of polymer foil is also 
presented. For imaging applications, numerical simulation models have been developed to 
calculate thermal effects caused by vertical cracks and delaminations. Using these, resolution 
studies of thermal imaging were made including the first quantitative theoretical estimation of 
the spatial resolution of the pulsed photothermal non-destructive testing (NDT) system. 


Ph 187 TALVITIE, M., Production and Properties of Nd-Fe-B Permanent Magnets. 
Helsinki 1993, 58 pp. ISBN 951-666-370-2. 


Keywords: Nd-Fe-B, dust explosion, corrosion, proton irradiation. 


The characteristic dust explosion properties of fine Nd-Fe-B powders, the improvement of 
corrosion resistance of Nd-Fe-B magnets coated with TiN and ZrN by using the reactive triode 
ion plating and the behaviour of Nd-Fe-B magnets under 20 MeV proton irradiation were 
studied. The dust explosion intensity of Nd-Fe-B powders was evaluated to be weak. 
However, the lower explosible limit was low and the minimum ignition energy was estimated 
to be low. Therefore, Nd-Fe-B powder can be regarded as readily explosible materials. The 
corrosion resistance of TiN coated magnets was excellent. The magnets were additionally heat 
treated during the coating process. Accordingly, the magnetic properties were good. Nd-Fe-B 
magnets were found to be very sensitive to protcn irradiation. The flux losses depend strongly 
on the irradiation temperature and the magnetic operating point. 


Ph 188 Publication in Honour of Academician Pekka Jauho on his 70th Birthday, April 
27th, 1993. (in Finnish) Helsinki 1993, 191 pp. ISBN 951-666-377-X. 


Ph 189 ALAVA, M.,On Mode Conversion to Electrostatic Waves in Ion Cyclotron Range 
Radiofrequency Heating of Fusion Plasmas. Helsinki 1993, 32 pp. ISBN 951-666-380-X. 


Keywords: Rf-heating of fusion plasmas, mode conversion and wave propagation in plasmas. 


A review is given of several processes leading to a conversion to electrostatic short wavelength 
waves in radiofrequency heating of fusion plasmas in the ion cyclotron range of frequencies. 
Analytical and numerical methods are presented to calculate the strength of the mode coupling 
between an incident fast magnetosonic wave and an electrostatic wave. The coupling is 
considered both in inhomogeneous tokamak edge plasmas and at the centre of the plasma in 
the presence of strong ion cyclotron damping. The validity of the finite Larmor radius wave 
equations is discussed in the case of adsorption and mode coupling close to a minority ion 
cyclotron resonance. 


Ph 190 POHJONEN, J., Methods for Reduction of Phase Shift Artifacts in Gradient Echo 
Magnetic Resonance Imaging. Helsinki 1993, 95 pp. ISBN 951-666-386-9. 


Keywords: MRI, artifacts, instability, inhomogeneity, respiratory motion, phase correction, 
signal processing, gradient echo, low field. 


Gradient echo sequences in MRI are more sensitive to spatial and temporal inhomogeneity of 
the magnetic field than are the pulse echo methods: Inhomogeneity causes artifacts in phase 
images. Instability causes ghost artifacts. Respiratory motion causes similar artifacts as field 
instability. The mechanisms of artifacts are analyzed. New methods are presented for: 1) 
Estimation and correction of inhomogeneity artifacts in gradient echo phase images; 
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2) Measurement and correction of instability effects in gradient echo imaging; and 3) 
Measurement and correction of view-to-view in-plane respiratory motion artifacts. Artifacts 
were reduced by automatic corrections based on NMR data: Inhomogeneity error was 
estimated from the phase gradient. Instability was measured during the scan with auxiliary 
sensor echoes. The instability correction was applied to RF phase encoded multiple slice 
imaging in addition to standard gradient echo imaging. Respiratory motion measurement 
applied navigator projections to estimation of piecewise dilatation. The presented methods are 
single scan techniques: separate calibration scans or phantoms are not used. The correction 
methods were demonstrated with MRI data from low field scanners. Phase image correction 
was applied to proton chemical shift imaging at low field: 0.02, 0.04 and 0.1 T. 


Ph 191 JOHANSSON, L-S., Characterization of Overlayers in Nanometric Scale: Case 
Studies of TiO Materials. Helsinki 1993, 32 pp. ISBN 951-666-390-7. 


Keywords: Surface characterization, TiO2, powders, XPS, SIMS, AFM. 


Applicability of the surface analytical methods in the characterization of specimen with 
inhomogeneous nanometric overlayers has been evaluated. In the experimental section of the 
work the problematics encountered in applied surface research is presented via case studies. 

The effect of surface roughness, partial overlayer coverage and overlayer inhomogeneity on 
the information gained via X-ray photoelectron spectroscopy (XPS) has been investigated. As 
a result, a new XPS method for the evaluation of the overlayer homogeneity is proposed, 
based on an application of the Tougaard background analysis. 

In the experimental section three surface sensitive techniques, namely XPS, secondary ion 
mass spectrometry (SIMS) and atomic force microscopy (AFM) were applied on coated TiO 
powders and ultrathin TiO2 overlayers. These results were compared with those from other 
analysing techniques, in order to establish reliable methods for the overlayer characterization in 
nanometric scale. The analysis methods varied for case to case. In the case of coated TiO, 
pigments the goal was to evaluate the coating composition and structure as well as the 
substrate coverage. The sputter deposited TiO2 overlayers were analysed in order to compare 
different surface methods in overlayer thickness determination. The main goal in the ALE 
investigation was to evaluate the growth mechanism of the film via surface topography. 


Ph 192 MARTTINEN, T., A Contactless Tension Profile Meter. Helsinki 1994, 85 pp. 
ISBN 951-666-404-0. 


Keywords: Tension measurement, membrane waves, tension profile, cross-correlation, 
dispersive wave propagation. 


The propagation speed of membrane waves are applied to indicate the local tension in a 
membrane. The principle is further applied to provide the whole tension profile of a web by 
scanning the tensions across the web. Two versions of meters ready for industrial series 
production have been developed. In both versions the membrane wave is excited by applying a 
sinusoidal wave burst from a loudspeaker to a membrane. In the first version the propagation 
of the membrane wave is monitored by microphones placed adjacent to the surface of the 
membrane. In the latter version laser beams are projected on the membrane. The movement of 
the membrane is obtained by monitoring the movement of the projected spots on the web at an 
angle different from that of the incident beam. 

A third method of monitoring the probagating wave based on an interference pattern 
projected at a small angle on the web is also introduced. The height differences in the web then 
cause the projected pattern to shift sidewards, thus making the form of the surface visible to a 
video camera. 

The probagation of the membrane wave is strongly influenced by the surrounding air. 
Several models have been created to describe the various forces and web movements present in 
the measurement. The presence of the measuring head has a significant contribution to the air 
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load, introducing reflections at discontinuities in wave impedance encountered by the 
probagating wave. The elastic properties of the membrane are shown to not have any practical 
effect on the membrane wave. A short membrane wave burst radiates intensively to the 
surrounding air, which is just the opposite of an infinitely wide membrane wave that does not 
radiate at all. Radiating attenuates the membrane wave rapidly, making frequently repeated 
measurements possible. Theoretical examination and comparison with experimental results has 
provided the basis for evaluating the accuracy and feasibility of the measurement system under 
a variety of circumstances. 


Ph 193 OKSANEN, M., Pulsed Photoacoustics and its Nondestructive Testing 
Applications. Helsinki 1994, 32 pp. ISBN 951-666-412-1. 


Keywords: Nondestructive testing, laser acoustics, acoustic imaging. 


Pulsed photoacoustic phenomena, i.e., sounds generated by means of pulsed laser illumination, 
and their application in nondestructive testing were studied. Photoacoustic sound generation in 
the case of an embedded absorption region was researched theoretically and experimentally in 
both time and frequency domains. It was shown that relatively small pulse energies, in the 1-3 
micro Joule range, can be used to generate sound pulses that are detectable and theoretically 
predictable. A way of optimizing the sound generation conditions was developed in connection 
with a feasibility study for a fully fiber optical time of flight measurement system for fluids. The 
sound pulses that high intensity light creates by causing dielectric breakdown were studied in 
the case where air was the media under investigation. The pulses were found to be predictable 
theoretically and as an application they were used to study the frequency response of air 
ultrasonic transducers where the pulses were used as an impulse test signal. Photoacoustically 
generated sound propagation was used to probe density variations in green state ceramics, the 
integrity of layered structures, and the drug content and porosity of pharmaceutical tablets 


Ph 194 NIEMI, H., FALLSTROM, K., and LEVLIN, J., A Scanning Tunneling Microscope 
Constructed for Studies of LB Films, Organic and Biological Macromolecules. Helsinki 
1994, 30 pp. ISBN 951-666-422-9. 


Keywords: STM, construction, electronics, gold films, Langmuir-Blodgett films, enzyme. 


A scanning tunneling microscope (STM) operating in ambient pressure designed for studying 
organic and biological materials deposited on conducting substrates is described. The atomic 
resolution of the constructed STM was confirmed with highly oriented pyrolytic graphite 
(HOPG). The spectroscopic I/V mode was tested with HOPG and gallium arsenide, and it can 
be used for distinguishing organic materials from the conducting substrates. The performance 
of the STM apparatus was checked with gold sputtered on polished steel. The incerease in the 
grain size of gold particles with increasing layer thickness was also confirmed. Gold, ITO, 
silicon and HOPG substrates were tested as substrate materials for Langmuir-Blodgett (LB) 
films with protein incorporated in phospholipid matrix in LB film, namely, bacteriorhodopsin 
(bR) in an added soya phosphatidylcholine matrix (bR:soya-PC LB films). The STM imaging 
showed that HOPG substrates were most suitable for these particular LB films. The 
constructed STM was also used in studying the structure of the biological aldose hydrogenase 
enzyme. The images revealed that the enzymes formed chain structures on HOPG. 
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Ph 195 KAJAMAA, J., An Analysis of the Electromagnetic Absorption Spectrum of 
Water at the Wavelength Range between 0,5 um and 10 um. Helsinki 1994, 12 pp. ISBN 
95 1-666-425-3. 


The electromagnetic adsorption spectrum of water is analyzed between 0.5 um and 10 um. To 
interpret the absorption peaks of the spectrum, a physical model of the HzO-molecule is used. 
A ratio between the postions of the succeeding peaks, 2'” is derived. The correlation of the 
frequency of the absorbed radiation to the potential energy of the two protons is shown. 
Further the overall structure of water and its influences on the spectrum is also discussed. 


Ph 196 ALATALO, M., First Principles Calculations for Defects in Semiconductors. 
Helsinki 1994, 44 pp. ISBN 951-666-427-X. 


Keywords: First principles calculations, semiconductors, positron annihilation. 


Point defects in semiconductors are studied using first principles calculation methods. The 
main emphasis lies on monovacancies in Si, GaAs, and inP. The atomic relaxations and 
energetics of these vacancies are calculated using the Car-Parrinello method. The negative-U 
behavior of the Si vacancy is detected, consistently with previous theoretical and experimental 
observations. The P vacancy in InP is also predicted to be a negative-U center. Moreover, the 
diffusion paths of a He atom in Si are studied as well as the He bubble formation. 

Positron states in semiconductor vacancies are studied by combining new and existing 
methods. The concept of positron induced relaxation is introduced and it is shown to play an 
important role in the interpretation of the breathing mode relaxation to the positron lifetimes if 
estimated in the case of vacancies in GaAs. Positron annihilation at paramagnetic defects is 
also studied. It is shown that at these defects, depending on the total spin of the positron and 


the unpaired electron, the positron lifetime is divided into two components that can differ from 
each other by 20-30 ps. 

Moreover, a joint theoretical and experimental method is introduced to study the positron 
annihilation with the core electrons. This method is used in identifying vacancies and vacancy- 
impurity pairs in InP. A native defect in heavily Zn-doped InP is detected and associated with a 
P vacancy decorated by Zn atoms. 
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